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The Anodic Behavior of Cathodically Prepolarized Bright 
Platinum Electrode in Sulfuric Acid Solution 


By Shigeo SHIBATA 


(Received December 23, 1959) 


Numerous accounts have been published 
on the charging curve which is a variation of 
potential with quantity of electricity passed 
when a platinum electrode is forced from the 
equilibrium potential of hydrogen to the oxygen 
evolution potential with a steady direct current. 
The curve was distinguished principally into 
three stages: an initial slow rise of potential 
which is generally considered to correspond to 
ionization of hydrogen atoms which have been 
adsorbed on the electrode surface, rapid linear 
rise for charging a double layer, and finally a 
slow linear change to deposition of oxygen 
which forms an adsorbed or an oxide layer 
prior to the evolution of gas. In addition, 
Pearson and Butler and also Hickling’ found 
that, when the electrode was first cathodically 
polarized and anodic current was passed, a new 
stage, which consists of a horizontal portion 
of steady potential, which we call stage a’ 
appeared prior to the above-mentioned three 
stages. Pearson and Butler considered this 


stage to be attributable to the ionization of 


free hydrogen in the solution, but Hickling 
explained that it may be more complex than 
this simple view. As to the behavior of the 
stage a’, Breiter, Knorr and V6Ikl found 


] F. P. Bowden, Proc. Roy. Soc., 125A, 446 (1929 

2) J. A. V. Butler and G. Armstrong, ibid., 137A. 604 
(1932 

3) G. Armstrong, F. R. Himthworth and J a3 
Butler, ibid., 143A, 89 (1933). 

4) J. A. V. Butler and G. Drever, Trans. Faraday So 
32, 427 (1936) 

5) J. D. Pearson and J. A. V. Butler, ibid., 34, 1163 
(1938) 

6) B. Ershler and A. Frumkin, ibid., 35, 464 (1939) 

7) J. A. V. Butler, “* Electrocapillarity’, Methuen & 
Co. Ltd., London (1940), p. 174. 

8) J.A.V. Butler and G. Armstrong, J. Chem. Soc., 1943, 


9) A. L. Ferguson and M. B. Towns, Trans. Electrochem 
Soc., 83, 271, 285 (1943) 
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16) M. Breiter, C. A. Knorr and W. VO6lIkl, Z. Electro- 
chem., 59, 681 (1955) 

17) M. Becker and M. Breiter, ibid., 60, 1080 (1956 

18) K. J. Vetter and D. Berndt, ibid., 62, 378 (1958 

19) J. Giner, ibid., 63, 386 (1959) 


that it is considerably lengthened when the 
electrode was cathodically prepolarized with 
high current density (c.d.). They have con- 
sidered that this phenomenon was ascribed to 
bubbles which evolved on the surface of the 
electrode by cathodic prepolarization. Experi- 
nental or theoretical studies on the stage a’ 
iave been done by these authors, nevertheless 
the results of those studies are not satisfactory, 
because they are only qualitative and im- 
perfect. The present investigation was under- 
taken to throw some light on this problem. 


Experimental 


In order to establish a suitable condition for the 
observation, a network as shown diagrammatically 
in Fig. 1, similar in principle to that used by 
Breiter et al.', was used. An electrolysis cell 
can be fed with a steady current from Circuit I as 
well as from Circuit II, these currents being opposite 
to each other in direction, with regulated power 
supplies P and P’. R and R' are variable high 


R R 


N iy a / 2? SWNT 

















Oscillograph 
Fig. 1. Circuit diagram. 
resistances. When, at first, the switch S, is closed, 
a steady current ix supplied from Circuit I begins 
to pass through the cell. At a suitable instant the 
switch S2 is closed, the other switch being left as 
it is, so that a steady current i,’ supplied from 
Circuit Il, which is opposite in direction and larger 
in magnitude, superposes with the former, resulting 
in a current with the same direction as that of the 
latter and the amount of i, =i,’ —i/,. 
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The potential changes of the working electrode, 
measured against a saturated calomel electrode, 
were recorded by means of a mechanical oscillo- 
graph. All potentials referred to are on the 
hydrogen scale. Switch S. was geared with a shutter 
of the oscillograph. The electrolysis cell used was 
of H type as previously described*. The working 
electrode of bright platinum plate having an area 
of one square centimeter per side, the back side 
of which was covered with a thin layer of molten 
glass, was placed in one compartment, and an 
antipodal electrode of platinized platinum plate, 
having an apparent area of 2cm*, was placed in 
the other compartment. 1.N sulfuric acid solution 
made with G. R. sulfuric acid and conductivity 
water redistilled several times with a silica still 
was used as the electrolyte. Prior to use, the 
working electrode was carefully cleaned with hot 
chromic acid, hot concentrated nitric acid and finally 
with distilled water, and then activated by anodic 
polarization with a current of 100 mA /cm® for one 
hour in IN sulfuric acid solution, reduced cathodi- 
cally, and introduced into the cell containing the 
electrolyte saturated with hydrogen. After passing 
purified hydrogen through the electrolyte for 10 min., 
the cell was let stand for 5min. with or without 
the passing of a given cathodic current, till it was 
polarized for the oscillographic observation. All 
experiments were carried out in a thermostat of 
°C. 


Results 


It was observed that the horizontal stage a’ 
which is characteristic of the prepolarized 
electrode could be clearly found also for the 
nonpolarized electrode in the solution saturated 
with hydrogen at low anodic polarization c. d. 
as shown in Fig. 2(A). Fig. 3(A) shows a plot 





led EB a B 
ee 
OY A 
Fig. 2(A). Anodic oscillogram of the non- 


polarized electrode in IN sulfuric acid 
solution saturated with hydrogen. 
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Fig. 2(B). Anodic oscillogram of the pre- 


polarized electrode in 1N sulfuric acid 
solution saturated with hydrogen. 


20) S. Shibata, J. Chem. Soc. Japan, Pure Chem. Soc. 
(Nippon Kagaku Zasshi), 79, 239 (1958). 
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of qu., the quantities of electricity required in 
stage a’, against the anodic c.d. As to the 
relation between the anodic polarization c.d. 
i, and the transition time cy, of the stage a’, 
Sand’s equation is applicable’, As seen in 


21) H. J. S. Sand, Phil. Mag., 1, 45 (1901). 
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Fig. 4(A), iaVty, is independent of i,. Taking 
the diffusion coefficient D as 4.710-°cm./ 
sec.--*, we can compute the value of C°, the 
result being obtained as 7.67x10~‘ mol./1., 
which is in good agreement with the solubility 
of hydrogen 7.3 x 1074 mol./1.2° Consequently, 
the electrode reaction at the stage a’ in this 
case iS 10nization of hydrogen molecule in the 
solution and its reaction rate is controlled by 
diffusion of the hydrogen. 

When the electrode was led from a cathodi- 
cally polarized state with a given c.d. im- 
mediately to an anodically polarized state, the 
stage a’ was lengthened considerably, as shown 
in Fig. 2(B). In Fig. 3(B), qu. is traced in 
relation with the polarization c.d. The value 
of qu, decreased with the increase of i, when 
i, is kept unchanged, and increased with the 
increase of i, when i, is kept unchanged. It 
was found that for a given ix the function 
inV tu, In Sand’s equation increased with the 
increase of i, in the range of low i,, but tended 
to a definite value when i, grew sufficiently. 
This can be seen in Fig. 4(B). The concentra- 
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Fig. 5. Variation of qy. of the prepolarized 
electrode with number of rotation per min. 


ix, MA/cm- i,4, MA/cm- 
o— 8.85 5.0 
—— 3.0 5.0 
- 8.85 5.3 
22) “International Critical Tables”, Vol. V, McGraw- 


Hill Book Co. Inc., New York (1929), p. 63. 
23) A. Seidell, “*Solubilities of Organic and Inorganic 
Compounds ’”’, Van Nostrand Co., New York (1940), p. 557. 


tion of hydrogen in the vicinity of the electrode 
polarized cathodically was computed with 
Sand’s equation, taking the constant value of 
iaV ty, at large i,. The results obtained were 
4.08, 16.2 and 32.8 x 10~° mol./I. for the cathodic 
c.d.’s of 1,6 and 15 mA/cm’, respectively. 

The behavior of gy, under the turbulence of 
the electrolyte were studied with the rotated 
electrode at various rates varying up to 1500 
r.p.m., ix and i, being kept unchanged. The 
result thus obtained is shown in Fig. 5. It is 
seen in this figure that gy, decreases quickly 
with the increase of the rate of rotation in 
the range of low rotations. This can be attri- 
buted to the removal of the hydrogen ac- 
cumulated owing to the prepolarization in the 
solution in the vicinity of the electrode, but 
as the rotation becomes vigorous, the rate of 
this decrease diminishes. As the rate exceeds 
1000 r. p. m., the value of gu, tends to a constant 
value independent of i, and ix. This value is 
coincident to that of the nonpolarized electrode, 
and suggests the vanishing of the accumulated 
hydrogen. 


Discussion 


The fact that we have _ found _ several 
phenomena which need to be attributed to 
accumulation of hydrogen in the vicinity of 
the electrode leads us to assume the existence 
of temporary supersaturation of hydrogen. It 
was reported in the experiment performed by 
Clamroth and Knorr: with an active palladium 
electrode that the maximum value of the dif- 
fusion overpotential of the hydrogen on the 
cathode was —30~—60mV. This corresponds 
to the fact that the concentration of hydrogen 
in the solution near the electrode is as 10~100 
times large as the saturation value at | atm. 
As such a state of high concentration must be 
very unstable. At the instant of the shut-off 
of the cathodic current the concentration 
should begin to fall irreversibly due to the 
exclusion from the solution. This process is 
also confirmed in the present results in the 
behavior of ia ty in reference toi,. As seen 
in Fig. 4(B) the value of is7y diminished 
considerably as i, decreased. This discrepancy 
can not be understood unless it is attributed 
to the spontaneous exclusion of hydrogen from 
the solution due to the supersaturation. In 
order to study this point in detail, the following 
observation was performed. After the steady 
current which had kept the electrode cathodi- 
cally polarized, was shut off, the electrode was 
left as it was for a suitable time elapse—say t 

till a steady anodic current was switched on, 


24) R. Clamroth and C. A. Knorr, Z. Electrochem., 57, 
399 (1953). 
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Fig. 6. Decay of gy, with standing time 


the oscillographic observaiion taking place 
simultaneously. Fig. 6 shows the relation 
between gq, and ¢. In this figure, we can see 
the gi, decreases with the time ¢, in a manner 
closely resembling that of the decrease of 
reactant in the usual chemical reaction of first 
order. That is to say, the spontaneous reduction 
of the concentration of the hydrogen should 
obey the following equation 


dc /dt=k(.C—C’) (1) 
where ,C is the concentration of hydrogen in 
the vicinity of the electrode at the time elapse 
t from the instant of the shut-off of the 
polarizing current and k a_ proportional con- 


stant. Solving this equation, we obtain 
l ‘C—C 
t ——— (2) 
k c—c 


where »C is the concentration in the vicinity 
of the electrode at t=0. As the anodic current 
is sufficiently large (42 mA cm’ in this experi- 
ment) for the spontaneous decrease of the 
concentration of the hydrogen by exclusion 
during cy. to be disregarded, \/ ry. is propor- 
tional to C as Sand’s equation requires. Con- 
sequently, the total decrease of gy, during ¢ 
can be regarded as corresponding to the 
decrease of C. 


(2’) 





where ty. is the transition time of stage a’ 
consecutive to the unpolarizing time interval 
t, and «ty. that for t=0. When ,»C>>C’, also 
:C>>C’, Eqs. 2 and 2’ can be simplified as 


t 1/k In GC/vC) (3) 
1/2k In (rtH./otu,) (3’) 
It is seen from Fig. 7 that a plot of log(;74,/o7n.) 


against standing time f¢ is linear. From the 
slope of this line, the value of the rate constant 
was evaluated as 0.101 sec. 

Now, since we can reasonably say that the 
rate of decay of hydrogen concentration in the 
vicinity of the electrode, which led from the 
cathodically polarized state, consists of the 
superposition of the decay due to the diffusion 
and the spontaneous decrease due to the 
supersaturation, it can be expressed mathe- 
matically as follows, 


oC(x, t) p? C(x, 1) 


= kiC(x,t)-—C (4) 
ot Ox 


where C(x,t) is the concentration of hydrogen 
at a point x apart from the electrode surface 
at time ¢. While the concentration near the 
electrode polarizing cathodically should fall 
from the surface toward the bulk solution in 
macroscopical range, it would be natural to 
assume that through the thin layer in the 
vicinity of the surface, in which the diffusion 
zone would be formed during z;; in the sub- 
sequent anodic polarization, the concentration 


log 





3 mr wail cies = n 





0 8 16 24 32 
Time, sec. 


Fig. 7. A plot of log against standing time. 
i 
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is constant. So the initial condition can be 
taken as 


C(x, 0) =0C (5) 
The boundary condition is 
0C(x, t) ig 
D( Ox ) 2F (6) 


The solution of Eq. 4 which satisfies the con- 
ditions 5 and 6 is given by 


C(x, t) =0C exp(—kt) + C°{1—exp(—kr)} 
ia lk 
i. As * 
4FV/ Dk exp VD x) erfe (1 kt ~ 9, ai) 
exr( y & x) erfe (1 kt ve) (7) 


The variation of the concentration at x=0 is 


C(0, t) =0C exp(—kt) + C°{1—exp(—kt) 
wo erfe(\/ kr) (8) 
If we assume that C(0, 7.) ~0, then 
C exp(—kry,) +C°{1—exp(keru.) 
wm erf(V kez) (9) 


If k-—0, we obtain Sand’s equation. When 
C»>C° or ty. is sufficiently small, the second 
term on the left side of Eq. 9 can be neglected 
against other terms; then we have 


erf(kr,,.) (10) 


in 
C exp(—kru,) 2FV Dk TH 
Taking logarithumus of both sides of the 


equation, this becomes 
logia=log 2F / Dk 0C—t{kru, /2.303 
+ logerf(V key.) (11) 
log 2FY Dk oC —f(ru.) (11') 


where f(r.) in Eq. 11’ expresses the second 
term on the right hand side of Eq. 11. Eq. 11 
is in favour of the experimental results as 
shown in Fig. 8. If we write ofa anodic c.d. 
at f(ty,) =0, it is obtained, by using Eq. 11’, 
that 

ola =2F VY Dk oC (12) 


By means of Eq. 12 it is possible to calculate 
the initial concentration oC if oi, is known. 
Using the value of of, obtained by extrapolating 
the curve to f(ty,) =0 in Fig. 8, «C at cathodic 
c.d.’s of 1,6 and 15 mA/cm* was evaluated 
as 4.0, 14.3 and 30.0 10~° mol./I., respectively. 
These were in good agreement with the values 
obtained by calculation with Sand’s equation 
at large ia. 











log i 


Relation between f(- and log iy. 


Summary 


The anodic charging curves of a cathodically 
prepolarized bright platinum electrode in IN 
sulfuric acid solution saturated with hydrogen 
have been studied by means of a mechanical 
oscillograph. 

The behavior of stage a’ for anodic polariz- 
ing c.d. can be explained on the assumption 
that its stage is due to the molecular hydrogen 
accumulated in the vicinity of the electrode 
during the cathodic prepolarization, and that 
the concentration of the accumulated hydrogen 
decreases in the same manner as the chemical 
reaction of first order. 


The author’s warmest thanks are due to 
Professor H. Yoshisaki for encouragement and 
advice, and to Professor T. Terasaki for helpful 
suggestions. 


Department of Chemistr) 
Faculty of Liberal Arts and Science 
Yamagata Universit) 
Koshirakawa, Yamagata 


Appendix 
On writing 
C(x, t) =C(x,t) -—C (13) 
Eq. 4 becomes 
6C1 (x, #) p 2 cet) kC(x.t (14) 
ot Ox- 


and the initial condition is given by 
Ci(x,0) =oC—C 
B (15) 
the boundary condition 6 do not change. 


We may attempt to find a solution of Eq. 14 by 
putting 


Ci (x,t) =¢(x) +¢(x,0) (16) 
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where ¢(x) is a function of x, ¢(x,t) is of x and ¢. 
We have to satisfy 


00(x) 0° (x) . 
“ $ k&(x) (17) 
ot ox 
and 
0¢ (x,t) 0° (x,t) 
= —— ke(x,t) (18) 
ot Oox- 


The general solution of Eg. 17 is 


(x) = Ae-*sCk/Dx (19) 
where A is an integration constant. Substitution 
by the boundary condition 6, vields 

ou (x) - 

yt — DA k 
Ox =) VD 
i,/2F 
Thus, we obtain 
: i . 
(Xx) e-* . 20) 


2FV Dk 


If we put 
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9 (x,0)=B-—¢(x) (21) 
(x) (21') 
the function C,(x,t) of Eq. 16 satisfy the initial 
condition (15), i.e. 
Ci (x,0) =$(x) 
B 


The function ¢(x,t) must satisfy also the boundary 
condition 


o(x,0) 


00 (x,t) 0 22) 
Ox r= 

The general solution of Eq. 18 is 

e (Da 


o(x,t) 'cosax (23) 


According to Fourie’s integral theorem we obtain 
=] 2 °o 
(x,t) =f da f O(Aje~9#**! cos ax cos asda 
rary J0 
(24) 


Summing Eq. 19 and the integrated result of Eq. 
24, and using Eq. 13 we obtain the solution 7. 





Absorption Spectra of Nitrobenzene Derivatives. I. 


Spectral 


Features of o-, m- and p-Isomers 


By Kimio SemBa* 


(Received May 26, 1960) 


It is well known that molecules having 
electron attracting groups such as_ nitro, 
carbonyl and corboxyl groups exhibit intense 
absorption spectra in the near ultraviolet or 
visible region Recently, Nagakura and 
Tanaka’? presented a new theory (molecular 
energy level diagram method) based on the 
molecular orbital theory treating the electron 
migration between two -z-electron systems. 
According to their theory, it is possible to 
interpret strong absorption bands of some 
aromatic nitro compounds in terms of the 
intramolecular charge transfer spectra. 

The intramolecular charge transfer in nitro- 
benzene means the interaction of the highest 
occupied orbital of benzene (Hs) with the 
lowest vacant orbital of nitro group (Vs). In 
nitrobenzene derivatives there are appreciable 
interactions between the molecular orbitals of 
monosubstituted benzenes and those of the nitro 


Present address: Research Laboratory, Kurosaki Fire- 
brick Mfg. Co., 535, Fujita, Yawata. 
1) L. Dede and A. Rosenberg, Ber., 67, 147 (1934); W. 
D. Kumler, J. Am. Chem. Soc., 68, 1184 (1946). 
2) S. Nagakura and J. Tanaka, J. Chem. Phys., 22, 236 
(1954); S. Nagakura, ibid., 23, 1441 (1955). 


groups». Considering the energy values and 
symmetry properties of these orbitals, one sees 
that the interaction between the highest oc- 
cupied orbital of the monosubstituted benzene 
and the lowest vacant orbital (anti-bonding 
z-orbital) of the nitro group is especially im- 
portant. 

The molecular energy-level diagrams of 
benzene, aniline and nitromethane” are shown 
in Fig. 1. The intramolecular charge transfer 
transition may occur as a result of interactions 
between two split orbitals (Hx, and Hx.) in 
aniline and the lowest vacant orbital Vs of the 
nitro group. These transitions are generally 
accompanied by a large electronic transfer and 
have been designated as intramolecular charge 
transfer transition 

According to Nagakura and Tanaka’s theory, 
there is no interaction between Hx2 and V., 
and only one transition due to the Hx; and 
V; interaction can be observed for a p-isomer. 
On the other hand, in o- and m-isomers the 


3) J. Tanaka and S. Nagakura, ibid., 24, 1274 (1956); J. 
Chem. Soc. Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 
78, 1200 (1957). 


1 


December, 1960] 


Nitromethane 


eV., Benzene Aniline 
« 2 Vv Vy 





-16 


Fig. 1. Molecular energy level diagrams 
of benzene, aniline and nitromethane. 


two orbital H,, and H,. can interact with Vs, and 
two transfer transitions of the charge transfer 
type may be expected for these isomers. 

In this paper the intramolecular charge 
transfer spectra (250~400 my) of o-, m- and 
p-nitrophenol, -nitroanisole, -nitroaniline and 
-nitro-N-dimethylaniline are measured in n- 
hexane, and their spectral features together 
with the effect of substituents on them are 
discussed according to Nagakura and Tanaka’s 
theory. 

The migration effects of electron donating 
groups on absorption spectra of o-, m- and p- 
nitroaniline are considered in aqueous and 
hydrochloric acidic solutions and the existence 
of simple equilibria between these isomers 
and protons is indicated. 


Experimental 


Absorption spectra were recorded by a Hitachi 
automatic recording spectrophotometer type EPS-2, 
using quartz cells of 1cm. in path length. Infrared 
spectra were obtained by another Hitachi double 
beam infrared spectrophotometer type EPI-2 with 
0.1mm. rock salt cells. 

Solvents, n-hexane, methanol, ethanol, chloroform 
and ethyl ether, were purified by the method 
recommended by Weissberger and Proskauer®. 

o-, m- and p-Nitrophenol, -nitroanisole and -nitro- 
aniline of Tokyo Chemical Industry Co. special 
grade were used. m- and_ p-Nitro-N-dimethyl- 
aniline were synthesized according to Fich’s method: 
by nitration of N-dimethylaniline, and were recrys- 
tallized several times from ethanol and benzene, 
respectively. These samples were thought to be 
pure enough and no further purification was 
carried out. 


4) A. Weissberger and E. S. Proskauer, ‘“‘ Organic 
Solvent”’, Interscience Publishers, Inc., New York (1955). 
5) H. M. Fich, *‘ Organic Syntheses”’, Vol. 27, p. 62. 
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Results and Discussion 


Spectral Features of o-, m- and p-Isomers. 
Absorption maxima of the nitrobenzene deriva- 
tives in n-hexane are collected in Table I. 


TABLE I. ABSORPTION MAXIMA OF NITRO- 
BENZENE DERIVATIVES IN N-HEXANE 


Molecule Absorption maxima, my 
o-Derivatives 
Nitrophenol 212.6 - 271.0* 347.0* 
Nitroanisole 214.5 — 251.2* 307.5* 
Nitroaniline 229.0 244.0 269.0* 376.0* 
m-Derivatives 
Nitrophenol 222.4 - 258.0* 312.0* 
Nitroanisole 225.2 - 261.7* 320.4* 
Nitroaniline 229.0 249.0 266.0* 344.0* 
Nitro-N-dimethyl- 
aniline - 248.0 382.5* 
p-Derivatives 
Nitrophenol 224.3 285.0* 334.0** 
Nitroanisole 225.8 293 .0* 
Nitroaniline 226.0 320.0% 
Nitro-N-dimethyl- 
aniline -— —  348.0* 


* Intramolecular charge transfer bands. 
** Band due to n-—zx* transition. 


It is noted from Table I and Fig. 2 (the 
absorption spectra of o-, m- and p-nitroaniline) 
that the spectra of o- and wm-nitrobenzene 
derivatives resemble each other in the point 
that they show two kinds of absorption bands 
in the ultraviolet and visible regions, one at 
260 mz and the other at 350~380myr. On 
the other hand, the p-isomer spectrum is quite 
different from those of the other isomers, 
except for the band at 220 m/. 

These spectral characteristics have already 
been pointed out by Kumler’, and were in- 
terpreted on the basis of the “electron oscil- 
lation” theory proposed by Lewis and Calvin 
However, Kumler’s interpretation must be re- 
considered from the standpoint of recent 
theories. 

From the positions and intensities of these 
absorption bands we may assign the bands at 
260 and 350~380 my for the o- and m-isomers 
and the band at 300myv for the p-isomer to 
the intramolecular charge transfer transitions 
in these molecules. Thus we have two intra- 
molecular’ charge transfer bands for o- and m- 
isomers and only one for the p-isomer (Table 
I). These characteristic features of the intra- 
molecular charge transfer spectra for the three 
isomers of nitrobenzene derivatives have been 
well explained by the molecular orbital theories 
cited above 


6) G.N. Lewis and M. Calvin, Chem. Revs., 25, 273 


(1939). 
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Fig. 2. Absorption spectra of o-, m- and 


p-nitroaniline, all in n-hexane. 


The intramolecular charge transfer spectrum 
of p-nitroaniline is much stronger (¢~10000) 
than those of the o- and m-nitroaniline (Fig. 2). 
The coefficient*™ of the AO at the para-position 
in the H,,-MO of a monosubstituted benzene 
(aniline) is greater than those of ortho- and 
meta-AO’s, giving rise to stronger absorption 
for the p-isomer than for other isomers®. The 
intensities of the bands at 260 my: for the o- 
and m-isomers are nearly equal (¢~5000) and 
the longer wavelength band at 350~380 mr 


for the o-isomer is stronger than the band of 


the m-isomer. The same relations among in- 
tensities of the intramolecular charge transfer 


bands can also be observed for the spectra of 


other nitrobenzene derivatives studied in this 
paper. 

Absorption bands of o-nitrophenol and o- 
nitroaniline, due to transitions of the same 
type appear at longer wavelengths than those 
of the m-isomers. On the other hand, the 
bands of m-nitroanisole appear at longer wave- 
lengths than those of the o-isomer. These 
facts may be explained in terms of intra- 
molecular hydrogen bondings*? which can be 
formed in these ortho compounds as shown in 
Fig. 3. The formations of these intramolecular 
hydrogen bondings are evident from infrared 
absorptions as shown in Figs. 4 and 5. The 
OH group in o-nitrophenol shows a very broad 
infrared absorption band at 3200cm~', and 
the NH» group in o-nitroaniline shows less 
broad absorptions at 3510 and 3380cm™'. On 


See ref. 3. 





[Vol. 33, No. 12 


om 


On Oo. 


, 47 A 
N ~~ 


i i 


Fig. 3. Intramolecular hydrogen bondings 
in o-nitrophenol and o-nitroaniline. 
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Fig. 4. Infrared absorption of  o0-nitro- 


phenol in chloroform. 
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Fig. 5. Infrared 
aniline in chloroform ( 
ether, ------ 50%, ethyl ether). 


the addition of ethyl ether the former does 
not shift but the latter groups shift to longer 
wavelengths. These facts indicate that in o- 
nitrophenol intramolecular hydrogen bonding 


™~ 
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is too strong to allow an intermolecular hydro- 
gen bonding between the solute and ethyl 
ether molecules but in o-nitroaniline the inter- 
molecular hydrogen bonding is formed to a 
large extent, as shown in Fig. 6. 
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Snr ; H 
No Jets 


\ 
CH, 


Fig. 6. Intermolecular hydrogen bonding 
between o-nitroaniline and ethyl ether. 


The band at 220 my in the spectra of o-, m- 
and p-isomers may be associated with the 
transition of another charge transfer type 
Absorption shoulders are observed at 240~ 
250 mvt for o- and m-nitroaniline (Table I). 

Effect of Substituents on Absorption Spectra. 

Next we shall study the effect of electron 
donating groups on the absorption spectra in 
nitrobenzene derivatives. Usually this effect 
is divided into resonance and inductive effects. 
In the present case only the resonance effect 
is of interest, and so we neglect the inductive 
effect. 

According t»% the perturbation theory the 
resonance effect is associated with the transfer 
of an electron from a z-orbital of the substituent 
into a vacant orbital of the conjugated system. 
The effect of the substituents on absorption 
spectra of benzene derivatives has been ex- 
plained in terms of the relative stabilization 
of the ground and excited states The stabili- 
zation energies of these states are closely con- 
nected with electron migration from the sub- 
stituents into the ring, and as generally the 
stabilization is much greater in the excited 
state, red shifts of absorption bands are ex- 
pected with the increasing electron migration. 

As seen from Table I, the absorption bands 
of the m- and p-isomers shift to the longer 
wavelengths in the order of OH, OCH;, NH 
and N(CH;). groups. These spectral shifts are 
very Similar to those of monosubstituted 
benzene derivatives. However, the shifts for 
o-isomers are of somewhat different nature on 


account of ortho-effects involving effects of 


intramolecular hydrogen bonding and of steric 
hindrance. 


7) J. Tanaka, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 79, 1114 (1958) 

8) K. F. Herzfeld, Chem. Revs., 41, 233 (1947); W. W. 
Robertson and F. A. Matsen, J. Am. Chem. Soc., 72, 5252 
(1950); H. Baba and S. Nagakura, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 72, 72 (1951); M. 
Tuboi, This Bulletin, 25, 369 (1952); K. Semba, J. Chem. 
Soc. Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 177, 
333, 338 (1956). 
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On comparing nitrophenol with nitroaniline 
the ionization energy of the NH» group is much 
smaller than that of the OH group leading 
to a much larger electron migration from the 
NH, group than from the OH group. Con- 
sequently nitroaniline shows a red shift of 
absorption maximum as compared with nitro- 
phenol. The same type of shifts has been 
observed for monosubstituted benzenes, phenol 
and aniline, the latter showing the absorption 
at the longer wavelength. 

On the other hand, we find the absorption 
maximum of nitrophenol on the blue side of 
the nitroanisole maximum. Matsen et al.’ 
found that the O-O band of phenol is at a 
longer wavelength than that of anisole and 
from this they concluded that the resonance 
of the OH group with the benzene ring is 
much stronger than that of an alkoxy group 
(OCH, or OC.H;). However, from our result 
we can assume that the electron migration 
from the OCH: group is greater than that from 
the OH group because of the hyperconjugation 
effect of the CH; group. The same considera- 
tion may be taken for the NH» and N(CHs) 
groups, as the absorption maximum of nitro- 
N-dimethylaniline appears at the longer weve- 
length than that of nitroaniline. 

Effect of Electron Migration on Absorption 
Spectra. — As mentioned above, the shifts of 
iritramolecular charge transfer spectra are very 
much influenced by the amount of electron 
migration from electron donating substituents 
into the benzene ring. For the sake of sim- 
plicity we limited our consideration to the 
case of nitroaniline in aqueous or hydrochloric 
acidic solution. 

The amount of electron migration from the 
NH.» group of nitroaniline will decrease by 
addition of hydrochloric acid to the aqueous 
solution, since the lone pair electrons of the 
N-atom in the NH» group will be fixed by a 
proton according to the following scheme 


NH.+H* = -NH 


and the electron migration into the ring will 
be arrested. Then the absorption spectrum of 
nitroaniline will resemble that of nitrobenzene. 

This expectation is satisfactorily supported 
by the experimental results as shown in Figs. 

8 and 9. The absorption spectra of o-, m- 
and p-nitroaniline in aqueous solutions approach 
to that of nitrobenzene with the increasing 
concentration of hydrochloric acid, and finally 
they all become the same as the spectrum of 
nitrobenzene with respect to absorption inten- 
sities and wavelengths. 


9) W.C. Price, Chem. Revs., 41, 257 (1947). 
10) W. W. Robertson, A. J. Seriff and F. A. Matsen, J 
4m. Chem. Soc., 72, 1539 (1950). 
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Fig. 7. Absorption spectra of o-nitroaniline 
(4.18 « 10 mol./l.) in water in the 
presence of hydrochloric acid, at 29°C. 


Curve 1: aqueous solution. 
Curve 2: concentration of hydrochloric 
acid 9.16 10-2 mol./I. 
Curve 3: 2.75x10-' mol./I. 
Curve 4: 4.58% 10~-' mol./I. 
15 


° 








5 
ic) 9 2 
200 300 
Wavelength, my 
Fig. 8. Absorption spectra of m-nitro- 


aniline (5.78 10-5 mol./l.) in water in 


the presence of hydrochloric acid, at 
29.5°C. 
Curve 1: aqueous solution. 
Curve 2: concentration of hydrochloric 
acid 9.16» 10~4 mol./1. 
Curve 3: 1.83 10-3 mol./I. 
Curve 4: 4.58 10>? mol./I. 
Curve 5: 9.16 10-2 mol./I. 
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Fig. 9. Absorption spectra of p-nitroaniline 


(1.02% 10-4 mol./l.) in water in the 
presence of hydrochloric acid, at 26°C. 


Curve |: aqueous solution. 

Curve 2: concentration of hydrochloric 
acid 4.58 « 10~* mol./I. 

Curve 3: 9.16 10~* mol./I. 


3 
Curve 4: 1.83 107! mol./I. 
Curve 5: 2.75 10-! mol./I. 
Curve 6: 6.41 «107! mol./1. 


Isosbestic points observed for the spectra of 


all the isomers can be explained by assuming 
the following equilibrium 


NO NO 
S3-NH, + HS ¢ NH, 


From the experimental results the equilibrium 
constants and differences of free energy are 
evaluated, as listed in Table II. 


TABLE II. 
ENRGY DIFFERENCES FOR O-, m- AND 


EQUILIBRIUM CONSTANTS AND FREE 


P-NITROANILINE 


Equilibrium Free enrgy difference 


Molecule 


constant kcal. /mol. 
o-Nitroaniline 3.5 0.75 (at 29°C) 
m-Nitroaniline 200 a2 (at 2.5°C) 
p-Nitroaniline 10.8 1.4 (at 26°C) 


The equilibrium constant for the m-isomer 
is much larger than those for other isomers, 
and the m-isomer requires a very small amount 
of hydrochloric acid to reach equilibrium. 
This may be due to the meta-directing pro- 
perty of the NO» group. The meta-position 
is more negative compared with other positions 
as the NO» group has the meta-directing power, 
and the proton affinity of the N-atom in the 
m-isomer is large (formation of m-nitroanilinium 
ion). The same conclusion may be reathed 
from the viewpoint of the resonance theory. 
In the o- and p-isomers the o- and p-quinoid 
structures 


to 
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contribute largely, while in the m-isomer the 
contribution of the m-quinoid structure 


0 Ho 
\ 


" H 
H 


is expected to be small. From this fact we 
may conclude that the electron migrations from 
the NH» group in the o- or the p-isomer are 
large, and that in the m-isomer a proton may 
easily be bonded to the N-atom. 

The small value of the equilibrium constant 
for the o-isomer is probably due to steric hin- 
drance. 

n—>z* Transition The absorption band of 
nitrobenzene due to the n->x* electronic 
transition was observed by Wolf and Herold 
and by Wenzel’ The absorption due to the 
n—>zx* transition is characterized by its weak 
intensity and so can not be observed if a 
strong absorption band lies in the same wave- 
length region. 

In the present work the absorption shoulder 
with the molar extinction coefficient of about 


11 K. I Wolf and W. Herold, Z. physik. Chem., B13. 
201 (1931) 
12) A. Wenzel, J. Chem. Phys., 22, 1623 (1954) 
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1000 is observed for p-nitrophenol at about 
334m. Although this absorption shoulder 
shifts to the longer wavelengths, in methanol, 
ethanol and water, it may be assigned to the n—>z* 
transition owing to its weakness of intensity. 
However, we could not observed this weak 
band in detail owing to the disturbance of the 
strong intramolecular charge transfer band 
which overlaps the weak band. 


Summary 


The intramolecular charge transfer spectra 
of some nitrobenzene derivatives were measured 
in n-hexane. The general features of the 
absorption spectra and the effect of substituents 
on the absorption spectra were considered from 
the concept of the intramolecular charge 
transfer. The migration effect of electron 
donating groups was discussed for the nitro- 
aniline in aqueous and hydrochloric acidic 
solutions. Also other absorption due to the 
n—>x* transition of nitro group was considered. 
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Alkylalkoxypolysiloxanes. 1X’. Methylethoxypolysiloxanes Containing 
the Trimethylsiloxy Group 


By Minoru SAKIYAMA and Rokuro OKAWARA 


(Received June 21, 1960) 


Many alkylalkoxypolysiloxanes have hitherto 
been synthesized. They have following general 
formulas, and each was prepared from only 
one kind of alkylchlorosilane. 

R 


R'O— —Si—O- R' (A) 


R n 


1) Part VIII of this series, R. Okawara and M. 
Katayama, This Bulletin, 33, 659 (1960) 
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OR' n 


Si—O (C) 


OR' n 
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R Si—O- R’ (D) 
OR' n 


R, R'=alkvyl group 


In this paper, the syntheses and properties 
of the lower members of linear and branched 
methylethoxypolysiloxanes involving the tri- 
methylsiloxy group (CH.).SiO are described. 

Compounds which belong to series A to D 
have been synthesized by one of the following 
methods : 

(1) partial hydrolysis of 
Silane or alkyltrialkoxysilane~? 

(2) sodium hydrogen carbonate treatment 
of partially alcoholyzed alkylchlorosilanes*? 

(3) thermal condensation between Si-OR 
and Si-Cl” 

(4) hydrolysis of partially alcoholyzed 
alkylchlorosilanes in wet pyridine”. 

Method 4 is different from 1 in that the 
former takes into account the difference in 
reactivity toward water between the Si-Cl and 
the Si-OC.H; bonds. It appears that the ethoxy 
groups reacted quite randomly with H.O to 
decrease the yield in method 1, especially when 
two kinds of methylethoxysilane were used. 
Therefore, method 1 was not examined. Also 
the results of some experiments showed that 
methods 2 and 3 were not conveniently ap- 
plicable to the preparation. In consequence, 
method 4 was adopted. Partially ethanolyzed 
silicon tetrachloride, methyltrichlorosilane and 
dimethyldichlorosilane were mixed separately 
with trimethylchlorosilane and cohydrolyzed 
in wet pyridine in benzene containing the 


dialkyldialkoxy- 


calculated amount of water. The products of 


hydrolysis were fractionally distilled. The 
details of the reactions are summarized in 
Table I. The desired products were obtained 
in moderate yield. This method is based on 
the difference of reactivity towards water 
between the Si-Cl and Si-OC.H; bonds. As 
the Si-OC.H; bond is also known to hydrolyze 
rapidly, particularly in an acidic medium, a 
slightly basic medium of wet pyridine in ben- 
zene was used. The properties of the com- 
pounds obtained by the fractionation through 
a highly efficient Stedman column are given in 
Table II. 

The infrared spectra of these compounds 
give additional information about the charac- 
teristic vibrations of the ethoxy group and the 
methyl group attached to the silicon atom. 


2) H. J. Fletcher and M. J. Hunter, J. Am. Chem. Soc., 
71, 2919, 2922 (1949). 

3) R. Okawara et al., This Bulletin, 28, 360, 364, 367 
(1955). 

4) R. Okawara et al., ibid., 27, 428, 582 (1954) 

5) R. Okawara et al., ibid., 31, 22 (1958); 33, 659 (1960) 
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Infrared spectra of some types of methylethoxy- 
polysiloxanes have been reported The spectra 
obtained for the compounds studied here are 
similar to those of the methylethoxypolysil- 
oxanes cited above in the region 1300 to 3500 
cm~'. The spectra in the region 700 to 1300 
cm~' are presented on Fig. 1. Frequencies and 
assignments are shown in Table III. 

A sharp band near 1250cm~’ is known to 
be characteristic of the symmetric deformation 
of the methyl groups attached directly to a 
Silicon atom. The spectra in Fig. 1 show that, 
except in (CH;);SiOSi(CH,).OC.H:, this band 
is 2 doublet. The compounds [{(CH.,),SiO] ;SiCH; 
and |(CH:;);SiO],Si have been reported? to 
show a doublet in the same region. 

Wright et al.’? reported that the characteristic 
bands of the unit (CH;),SiO lie at 754~756 cm~! 
and 841cm™', that of (CH;).SiO at 800~814 
cm and that of CH,SiO at 800 cm Table 
III shows that the same bands are observed in 
the spectra of our compounds containing these 
particular groups, except that the 800cm 
band of the (CH;).SiO unit is split into a 
doublet. 

A band near 960cm~! is connected with the 
C-C stretching vibration of the C.H;O group, 
and those in the region 1000 to 1150cm™~* are 
related to Si-O-Si and Si-O-C skeletal vibra- 
tions. Of the latter, the band near 1100cm™! 


decreases in intensity with the substitution of 


ethoxy groups by trimethylsiloxy groups. The 
C-O bond is believed to contribute greatly to 
this absorption band. A similar tendency in 
intensity is seen for the bands near 780cm~! 
and 1160cm~! 


Experimental 


Starting Materials. — Trimethylchlorosilane (1), 
dimethyldichlorosilane and  methyltrichlorosilane 
were supplied by the Shin-etsu Chem. Ind. Co. Silicon 
tetrachloride was obtained by the reaction of silicon 
with chlorine. Those chlorosilanes were partially 
alcoholyzed with ethanol below 5°C in a three- 
necked flask with an efficient stirrer, a reflux 
condenser and a dropping funnel. Then the mix- 
ture was warmed to 50°C to complete the reaction 
and it was fractionally distilled through a Stedman 
column of about 30 theoretical plates. Boiling 
points and chlorine content are shown in Table I. 
The experimental value for the chlorine content of 
triethoxychlorosilane was considerably less than 
the calculated value. This is thought to be due to 
contamination by tetraethoxysilane which has a 
boiling point close to that of triethoxychlorosilane. 
This mixture (VII) was used for the source of 
triethoxychlorosilane without further purification. 

Sodium Hydrogen Carbonate Treatment of the 
Mixture of I and II.—To the refluxing mixture of 


6) R. Okawara, ibid., 31, 154 (1958) 
7) N. Wright and M. J. Hunter, J. Am. Chem. Soc., 69, 
803 (1947) 
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Fig. 1. 
trimethylsiloxy group. 


I (21.8g., 0.2mol.) and II (27.8g., 0.2 mol.), 
sodium hydrogen carbonate (16.8 g., 0.2 mol.) was 
added in portions. A reaction occurred violently 
with the evolution of hydrogen chloride and carbon 
dioxide. After completion of the reaction, the 
mixture (20 g.) was fractionally distilled. No plateau 
was found corresponding to (CH;);SiOSi(CHs3)2- 
OC:H;. It was thought from the distillation curve 
that the product was a complex mixture of methyl- 
ethoxysilanes and -polysiloxanes. 

Attempts to Condense I and Tetraethoxysilane 
Thermally.—-A mixture of I (11 g., 0.1 mol.) and 
tetraethoxysilane (52 g., 0.25 mol.) was refluxed at 
124°C for 20hr., but no reaction occurred. The 
starting materials were recovered by the fractional 
distillation of the reaction mixture. 

A mixture of I (22g., 0.2 mol.) and tetraethioxy- 
silane (21 g., 0.1 mol.) was passed through an 
electrically-heated quartz tube of 40cm. length and 
5cm. diameter at 300°C for 4.5hr. The condensate 
(40 g.) was fractionally distilled. Unreacted tetra- 
ethoxysilane was obtained, along with hexaethoxy- 
disiloxane, which could be produced from the 
partial hydrolysis of tetraethoxysilane by a small 
amount of water remaining in the reaction tube 
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Infrared spectra of methylethoxypolysiloxanes containing the 


or formed by oxidation of the ethoxy groups. 
Between the plateaus of these two compounds, a 
small plateau having a high refractive index (nj) 
1.3862. reported» for (C2H;O),Si: np 1.3837) was 
found. The thermal condensation : Si-Cl+C:;H;O-Si 

» Si-O-Si~C:H;Cl might have occurred in this 
experiment, but the yield was too low to apply 
this method to the synthesis. 

Hydrolysis of Chlorosilane Mixture in Wet 
Pyridine.—The details of each experiment are 
given in Table I. 

The typical operation was as follows. The 
hydrolyzing mixture consisting of benzene and the 
calculated amount of pyridine and water was placed 
in a three-necked flask with an efficient stirrer. a 
reflux condenser and a dropping funnel. The 
mixture of I and II to VII was added to the 
hydrolyzing mixture which was cooled with an 
ice-bath. The rate of addition was controlled, so 
that the white smoke of the chlorosilane-pyridine 
adduct would not be evolved from the top of the 
reflux condenser. After addition, the mixture was 
stirred for lhr. at room temperature. Whenever 





8) D. F. Peppard et al., ibid.. 68, 77 (1946). 
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TABLE I. HYDROLYSIS OF CHLOROSILANE MIXTURE IN WET PYRIDINE 


Chlorosilane mixture 
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. = Ethoxychloro- Benzene Yield of = : a 
Exp. No « . = silane as diluent condensate ea Y icld 
> es g. (mol.) ml. (%_ theory) i B- 
1 43.6 (0.4) 1i* 55.5 (0.4) 100 46 (60) RSi(CH;):2(OC:;H;) 14 
2 65.4 (0.6 iil 47.7 (0.3) 100 63 (79) R.Si(CH;) (OC:H;) 26 
3 43.6 (0.4) Ill 63.6 (0.4) 80 7 (64) R2Si(CH3;) (OC;H;) 15 
4 27.3 (0.25) IV 53.4 (0.25) 100 35 (66) RSi(CH3;)(OC:Hs3)2 18 
5 59.9 (0.55) V 29.9 (0.17 50 30 (52) R;,Si(OC:H;) 9 
6 54.4 (0.5) VI 47.3 (0.25) 100 57 (69) R.Si(OC:H;)> 31 
7 19.0 (0.17) VII 50.0 ( ) 25 38 (—) RSi(OC,H:) 20 
* II (CH 3)2Si(OC2H;)CI b. p. 95°C, Calcd. for If: Cl, 25.6. Found: Cl, 25.9%. 
Ill CH,Si(OC;H,;)Cl. b. p. 100°C, Caled. for IIT: Cl, 44.6. Found: Cl, 44.1 
IV CH;Si(OC:H;)2Cl b. p. 126°C, Calcd. for IV: Cl, 19.9. Found: Cl, 20.2%. 
V Si(OC:H;)Cl; b. p. 102°C, Caled. for V: Cl, 59.2. Found: Cl, 58.22, 
VI Si(OC.2H35)2Cl. b. p. 136°C, Caled. for VI: Cl, 37.6. Found: Cl, 38.0%.. 
VIL A mixture of Si(OC:H;);Cl with Si(OC:H;), b. p. 156°C, Caled. 
for Si(OC2H;);Cl: Cl, 17.5. Found: Cl, 10.3%. | 
TABLE Il. MErHYLETHOXYPOLYSILOXANES 
R = (CH3;);SiO 
Methylethoxy- B. p. Refractive Density Molar tefr. % Si 
adioaiiniese C jeamatie index d Found Found 
i cat © ny D Caled. )* (Calcd.) 
RSi(CH OC:;H;) 129.6/760 1.3844 0.8324 54.08 29.5 
(54.31) (29.20) 
RSi (CH OC:Hs) 154.9, 760 1.3870 0.8766 59.72 23.9 
(59.70) (25.26) 
RSi(OC:H 177.3/760 1.3868 0.9110 65.13 22.1 
(65.09) (22.29) 
R.Si(CH,;) (OC2Hs 170.0, 760 1.3880 0.8623 72.95 31.9 
(72.95) (31.62) 
R.Si(OC.H;)» 182.8 /760 1.3880 0.8915 78.50 29.2 
(78.34) (28.41) 
R,Si(OC._H;) 194.5/760 1.3888 0.8803 91.48 5 
(91.59) (32.98) 
* Calculated from bond refractivities by E. L. Warrick, J. Am. Chem. Soc., 68, 2455 (1946). 
TABLE II]. INFRARED SPECTRA OF TRIMETHYLSILOXYETHOXYSILOXANES : 
POSITIONS OF BANDS (IN cm~!) 
R = (CH;),SiO 
RSi(CH RSi(CH,)- ReSi(CHs)- _ ; ; saa eae’ , ‘ 
OCH (OC.Hs)» OC.Hs RSi(OC.H R2Si(OC;H;)2 R,Si(OC:H;) Assignment 
749 751 757 757 753 751 (CHs3)3SiO;/2 
768 783 786 771 
791 . . = 
798 788 (CH3)2SiO, CH;SiO3/2 
809) 
842 841 841 840 842 842 (CH) ,SiO;/2 
875 867 867 856 859 860 
950 956 956 961 959 955 C-C str. 
1022 
1054 1067 1061 1073 1067 1065) oo 
1082 1100 1112 1098 1098 1114) _— 
1106 1117 
1162 1164 1162 1164 1164 1163 
1255 1254 1254 1252 1252 1251) : 
CHs,(-Si) 


1263 1261 1260 1260 1259) 
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the chlorosilane odor still remained, several drops 
of wet pyridine were added. The mixture was 
washed with cold water, and then dried with 
sodium sulfate. Benzene was removed by distillation, 
followed by a fractionation through a Stedman 
type column of about 50 theoretical plates. 

Determination of Silicon Content.—It is known 
that when methylpolysiloxanes containing the tri- 
methylsiloxy group are decomposed by the action 
of concentrated sulfuric acid, volatile decomposition 
products are evolved. Therefore this method can- 
not be applied to the determination of silicon content 
in these compounds. In this study, about 0.5 g. 
of the sample was decomposed by sodium peroxide 
in a Paar bomb. 

Infrared Spectra.—A Hilger H800 spectrometer 
with a sodium chloride prism was used. Spectra 
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were taken in carbon disulfide solution in the region 
700 to 1400cm~! and in carbon tetrachloride solu- 
tion in the region 1300 to 3500cm The con- 


centrations were 3%, in both cases. 


Summary 


(1) Methylethoxypolysiloxanes containing 
the trimethylsiloxy group have been prepared. 

(2) The infrared spectra of these compounds 
are discussed. 
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Diffusion in Glycerol-Water Mixture 


By Yasunori NIsHIJIMA™ and Gerald OSTER 


(Received June 24, 1960) 


When the <iffusion coefficient is concentra- 
tion dependent, the diffusion curve, in which 
the concentration gradient is plotted against 
distance, will no longer be symmetric with 
respect to the position of the original boun- 
dary. In such a skewed curve, the maximum 
position of the concentration gradient is dis- 
placed to the solvent side or to the solution 
side depending on whether the concentration 
dependence is positive or negative, respective- 
ly. The degree of skewness of the curve is a 
measure of the extent of the concentration 
dependence of the diffusion coefficient. 

The concentration dependence of diffusion 
coefficient, especially in the case of polymer 
solutions, has been studied!~, 

This dependence is attributed to a_ther- 
modynamic factor and to a hydrodynamic 
factor. In most cases, these factors act in 
opposite directions and partly counterbalance 
the resultant concentration dependence of the 
diffusion coefficient. The thermodynamic factor 
is due to the non-ideality of the solution and 
usually contributes to the positive dependence, 


* 


Present address, Department of Textile Chemistry, 
Kyoto University, Kyoto 

1) C. O. Beckmann and J. L. Rosenberg, Ann. N. ¥ 
Acad. Sci., 4, 329 (1945). 

2) S. J. Singer, J. Chem. Phys., 15, 341 (1947). 

3) N. Gralen, Inaugural Dissertation, Uppsala (1944). 

4) Y. Nishijima and H. Inagaki, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 73, 191 (1952). 


that is, to increase the rate of diffusion with 
increasing concentration. On the other hand, 
he hydrodynamic factor tends to slow down 
the diffusion rate with increasing concentra- 
tion. This factor is attributed to the concen- 
tration dependence of the frictional coefficient 
of the diffusing particles. When the size and 
shape of the diffusing particles are independen 
of the concentration, the hydrodynamic factor 
can be estimated from the local viscosity of 
the medium in which the particles are diffus- 
ing. It has not be2n entirely clear, however, 
how one can determine the local viscosity of 
the medium. In the case of very dilute 
tions, the local viscosity is approximated by 
the solvent viscosity, whereas, at higher solute 


solu- 


concentrations, the local viscosity is apparently 
somewhere between the solvent viscosity and 
the solution, or macroscopic, viscosity. In the 
case of solutions of small molecules such as 
glycerol-water mixtures, we have found that 
the local viscosity, obtained from fluorescence 
measurements of Auramine O, equals the 
macroscopic viscosity of solution’. 

It is the purpose of the present paper to 
investigate the concepts mentioned above using 
the glycerol-water system as an example, and 


5) Y. Nishijima and G. Oster, J. Polymer Sci., 19, 337 
(1956). 

6) G. Oster and Y. Nishijima, J. Am. Chem. Soc., 78, 
1581 (1956). 
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covering a wide range of concentrations. The 
diffusion measurements were carried out in an 
interferometric micro-diffusion apparatus®’. 


Experimental 


Apparatus. simple inter- 
ferometric microdiffusion 
an ordinary light The diffusion cell 
is an optical wedge consisting of two partially- 
reflecting microscope slides and placed on the 
microscope stage. Small drops of the 
introduced into the cell to form a sharp boundary 
readily. Since the cell is very thin, 
currents are eliminated and hence rigid tempera- 
ture control is unnecessary and the temperature 


We have developed a 
method which employs 
microscope. I 


liquids are 


convection 


was maintained in the vicinity of 25°C. The time 
required for diffusion measurements in the micro 
method is reduced by several thousand-fold that 


required in a conventional diffusion apparatus. he 
interference fringes produced in the cell are photo- 
graphed every minute. Since each fringe represents 


a contour line of constant optical path in the 
wedge, the refractive index gradient is easily 
determined. The details of this method have been 


treated elsewhere 


Results 


To insure high accuracy, the diffusion 
measurements were carried out between several 
pairs of glycerol-water mixtures varying in 
concentrations ranging from pure water to 
93% glycerol by weight. An example of a 
normalized diffusion curve obtained by our 
method is given in Fig. 1. For higher glycerol 
concentrations the curve is even more skewed 
in the direction of the higher concentration 
side. 

The diffusion coefficient 
of concentration may be 
Boltzmann’s equation” 


l dx f° 
-* an fxd (1) 


Dic) as a function 
calculated from 


D(c) 


ER 
4 


| ae 31 
| rau ¥ 
| ert OO ee : a 
Fig. 1. Normalized diffusion curve: 622, 
glycerol against pure water (water on 
left) ; Open circles: experimental points. 
Black dots: Gaussian curve. 


a4 


7) L. Boltzmann, Ann. Physik, 53, 959 (1894). 
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where c is the concentration, x is the distance 
along the direction of diffusion, and ¢ is the 
time. In the present study, the diffusion 
coefficients were calculated from Boltzmann’s 
equation utilizing normalized coordinates. The 
diffusion coefficient as a function of glycerol 
concentration is given in Fig. 2. The fact 
that the slope is negative, shows that the 
hydrodynamic factor is predominant. Since 
this curve is not linear, simple graphical 
methods for evaluating the concentration de- 
pendence** are not valid because such methods 
assume linearity. A general statistical method 
for analyzing slightly skewed curves has been 
developed’’, but is not valid for high glycerol 
concentration since the diffusion curves are 
highly skewed (see, for example, Fig. 1). 
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Glycerol concentration, wt. 2% 


Fig. 2. Diffusion coefficient of glycerol 
as a function of concentration. 
Discussion 
The diffusion coefficient in non-ideal solu- 
tion is given by the equation’” 
RT dina 
Dic) = . (2) 
f dine 
where f is the frictional coefficient of the 


diffusing particles, a, is the activity of the 
solute at concentration c, R is the gas constant, 
and T is the absolute temperature. We have 
calculated the thermodynamic factor, d In a2/ 
dinc, in Eq. 2 from literature values of the 
vapor pressures of glycerol-water mixtures'. 
The frictional coefficient f is proportional to 
the local viscosity of the medium. Hence, if 
the local viscosity is identical with the macros- 
copic, or solution, viscosity this hydrodynamic 


8) H. Inagaki and Y. Nishijima, J. Chem. Soc. Japan 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 72, 888 (1951). 

9) Y. Nishijima and G. Oster, J. Chem. Phys., 24, 269 
(1957) 

10) L. Onsager and R. M. Fuoss, J. Phys. Chem., 36, 2689 
(1932). , 

11) C. S. Miner and N.N. Dalton, “Glycerol”, Rein- 
hold Publishing Co., N. Y. (1953), p. 269. 
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TABLE I. CORRECTION FACTORS FOR THE 
Glycerol conc. 10 20 30 
(wt. 0) 
(din a/dinc) 1.0 2 1.4 
Viscosity eb 1.54 2.16 


factor should be proportional to observed 
viscosities of the glycerol-water mixtures. These 
correction factors are given in Table I. Ap- 
plying these correction factors to the data of 
Fig. 2, we obtain the curve shown in Fig. 3. 
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Fig. 3. Corrected diffusion coefficient ot 


glycerol. 


The corrected diffusion coefficient illustrated 
in Fig. 3 is sensibly independent of concen- 
tration up to 70% glycerol above which it 
rises rapidly. The increased mobility at very 
high glycerol concentrations could be due toa 
decreased hydration of the glycerol molecules. 
Vapor pressure measurements of glycerol-water 
mixtures have been interpreted in terms of a 
decrease of hydration with increasing concen- 
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DIFFUSION COEFFICIENT 


40 50 60 70 80 90 
Pe 2.0 2.3 2.8 ae ce 
3.18 5.04 8.82 17.96 45.86 163.6 


tration of glycerol More direct measure- 


ments, however, such as obtained from nuclear 


magnetic resonance, could better indicate 
changes in hydration. 
Summary 

Diffusion studies of glycerol in glycerol- 
water mixtures ranging from zero to 93% 
glycerol were carried out using the micro- 
interferometric method. For higher concen- 
tration of glycerol the diffusion coefficient 
decreases strongly with increasing concentra- 
tion and the diffusion curves are _ highly 


Applying thermodynamic and hydro- 
pres- 


skewed. 
dynamic correction obtained from vapor 
sure measurements and solution viscosities, re- 
spectively, the diffusion coefficient was found 
to be sensibly independent of glycerol concen- 
tration up to about 70% after which it rises. 


The increased mobility at very high glycerol 
concentrations is attributed to a decreased 
hydration of the glycerol molecules under 


these conditions. 
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The Acid-catalyzed Reaction of Acid 


Amide with Formaldehyde 


By Minoru ImMoTo and Mitsue KOBAYASHI 


(Received June 23, 1960) 


As is well known, acid amides react with 
formaldehyde to give methylol amides, in the 
presence of acid- or base-catalysts. Since urea 
resin is produced by this kind of reaction, 
many studies have been made'~*. Recently, 
Ugelstadt*? made a kinetic study of the reac- 
tions of propylamide, monochloroacetamide 


1) A. Einhorn, Ann., 343, 207 (1905). 

2) G. A. Crowe, Jr. and C. C. Lynch, J. Am. 
Soc., 71, 3731 (1949); 72, 3622 (1950). 

3) A. Iliceto, Ann. chim. applicata, 43, 516 (1953). 


Chem. 


and benzamide with formaldehyde, and con- 
cluded that, in acid solution, the reaction rate 
was represented by 


d [CH,O] 


dr const. [R-CONH,] (CH.O}] 


(1) 
Furthermore, the following mechanism was 
4) J. Ugelstadt, The reaction of formaldehyde with 


amides, and the alkaline hydrolysis of alkoxymethyl ureas 
Dissert. at Norges Tekniske Hogskole (1955). 
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proposed for this reaction: 


i) CHO-HA = CH.OH-A 


ii) R-CONH.-CH.OH 


~+ |R-CONH CH.OH| 
iii) |R-CONH.CH.OH]*+A 
R-CONHCH-OH= HA 


determining. In 
this mechanism, it may be 
how the reaction rate is 
character of R in 
paper, the 
acid’ amides with 
kinetically. The 
results obtained follows: (i) An 
equation identical with that of Ugelstadt was 
obtained. (11) The reaction rate constant (k) 
estimated for each acid amide, (ili) It 
confirmed that the values of &k fitted 
Hammett’s equation. (iv) The reaction mecha- 
nism was discussed. 


in’ which rate 
order to justify 
useful to examine 
influenced by the 
R-CONH:. In the 
catalyzed 
formaldehyde 


step 11 IS 


polar 
present 
reactions of. ten 
studied 
were as 


acid- 


were 


was 


Was 


Experimental 


acid amides were synthesized 


Materials. — The 
from the corresponding carboxylic 
to the following scheme; 


acids according 


SOCI. or NH-.OH 
R-COOH ~°", R-COCI R-CONH 
The acid amides obtained were purified by re- 
peating recrystalizations Thus six kinds of sub- 


stituted benzamides and four kinds of aliphatic 
amides were prepared ; p-methoxybenzamide (m. p., 
105°C, recrystalized from water-methanol), benz- 
amide (m.p., 128 C, from water-methanol), p- 
chlorobenzamide m.p., 177.7-C, from water- 
methanol), p-bromobenzamide (m.p., 190°C, from 
water-methanol), #-nitrobenzamide (m. p., 142.5-C, 
from water-methanol p-nitrobenzamide (m.p., 
199 C, from water-ethanol), acetamide (m. p., 80°C 
from chloroform-ligroin), propylamide (m. p., 79°C, 
from chloroform-ligroin n-butylamide (m. p., 


115-C, from ethylacetate-ligroin) and isobutylamide 
128 C, from chloroform-ligroin). 

formaldehyde was pre- 
mixture of 
after 
was 


(m. p.. 

The aqueous 
pared by the 
para-formaldehyde and water was distilled 
refluxing for several hours. The distillate 
diluted to a concentration of 1 mol./1I. 

As catalyst 0.6580N (in the case of 
benzamide) or 1.014N (in the 
amide) hydrochloric acid was used. 

Commercial dioxane was refluxed for 17 hr. with 
10% of its volume of 1N hydrochloric acid to 
remove acetaldehyde, under a current of nitrogen. 
To remove water, the dioxane was treated with a 
concentrated solution of potassium hydroxide, then 
allowed to stand over pellets of potassium hydroxides 
for 1 day and dried over sodium for several hours. 


solution of 


following procedure; a 


substituted 


case of aliphatic 


Mitsue KOBAYASHI 
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It was rectified three times and the fraction above 
100.5-C was used. 

Kinetic Procedures. — All reactions were carried 
out at 60--0.05-C. The reaction rates were measured 
iccording to the following procedures; A required 
amount of acid amide was weighed into a 50 mI. 
measuring flask. The acid amide was dissolved in 
20 ml. dioxane and then 4ml. (in the case of sub- 
stituted benzamide) or 2ml in the ; 
aliphatic amide) of the catalyst (hydrochloric acid) 

The flask was placed in a thermo- 
0.05-C for at least 30 min. The formal- 
dehyde solution and distilled water were also 
at the same temperature. A required amount of 
the formaldehyde solution was added to the flask 
from a hole‘pipette. Then immediately the solution’ 
was diluted to 50ml. with distilled After 
thorough mixing, the solution was brought into the 
reaction which was placed in the thermo- 
Stat. Thé time when all the reactants 
was taken as zero. And 8—10 aliquotes of 
were taken by a pipette at suitable time intervals. 
The aliqnuote was run into a phosphate buffer 
solution (pH=7.1). The time when the pipette had 
run empty was taken as zero. Five millilitre of 0.1 .N 
or 0.15 N potassium cyanide was added immediately 
and the 10 min. at 
room temperature. 
diphenyl carbazone 
followed by 1 N nitric acid until a light orange-yellow 
appeared. The solution was then immediately 
h 0.03 N or 0.05N mercuric nitrate until 
1 violet The 
of CH.O was calculated for each 





case of 


was added. 
Stat at 60 


Kept 





water. 


ves sel 
were mixed 


5 ml. 





solution was allowed to stand for 
Then were added 10 drops of a 
solution (1 in methanol 


color 
titrated wit 
amount 


color developed. consumed 


reaction time. 


Results and Discussion 


Reaction-orders of the Reactants..-To derive 
reaction, the effects of 


reactant on the 


1 rate equation of the 
the concentrations of 


rates were investigated. The study was carried 


each 


out first on benzamide. 








min. 


104 mol. 


v 





0 0.05 0.1 


[CsH;CONHz2] in mol./I. 


Fig. 1 The relation between the reaction 
rates and the concentrations of benzamide. 
Reaction conditions ; [CH:O]---0.05 mol./I.; 
[HC1]---0.05264 nN ; temp. 60°C. 
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a) The Concentrations of Benzamide.—Keep- 
ing the of formaldehyde and 
hydrochloric acid 
of benzamide was changed 
mol./l. As shown in Fig. 1, the linear rela- 
tionship was obtained between the reaction 
rates and the concentrations of benzamide. 
The reaction, therefore, was decided to be of 
first order with 
of benzamide. 

b) The Concentration of Formaldehyde. 
Keeping the concentrations of benzamide and 
hydrochloric acid constant, the concentration of 
formaldehyde was changed from 0.015 to 0.05 


concentrations 
constant, the concentration 
from 0.025 to 0.1 


regard to the concentrations 


linear rela- 
reaction 


mol./l. As shown in Fig. 2, the 
obtained between the 


and the concentrations of formaldehyde. 


tionship was 
rates 
So the 
formaldehyde. 


reaction was also of first order with 





min 


104 mol 
\ 





0.9? 


[CH.O] in mo 


Fig. 2. The relation between the reaction 
rates and the concentrations of formalde- 
hyde. 

Reaction conditions : |C,H-CONH 0.05 
mol. 1.; [HCI]---0.05264 x ; temp. 60 C. 
c¢) The Concentrations of Hydrochloric Acid. 
Keeping the concentrations of R-CONH 


and formaldehyde constant, the amount of the 
catalyst included in 50 mi. of the solution was 
2ml. to 6ml. The pH of the 
and the consumption rate of 
shown in 


changed from 
reaction system 
formaldehyde were measured. As 
Fig. 3, a linear relationship was observed be- 
tween the consumption rate of formaldehyde 
(v) and the concentration of hydrochloric acid. 
But as Fig. 4 shows, the relationship between 
v and pH is not linear. From the results, it 
was assumed that this reaction proceeded by a 
mechanism of general acid-catalysis and the 
reaction order of ‘hydrochloric acid was unity. 

d) Rate Equation. — From the results ob- 
tained above, the experimental rate equation 
is represented as follows; 
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Fig. 3. Plot of the reaction rates against 
the concentrations of the hvdrochloric 
cid. 


Reaction conditions ; [C;H;CONH 0.05 





mol./1.; CH.O}---0.05 mol temp. 
60°C. 
16 + 
~ ] y. 
pH 
Fig. 4. Plot of the reaction rates against pH. 
diCH.O] ,, as : , 
? k* {HCI} [R-CONH.| |CH.O} 
dt 
(2) 
Since |HCI]} was assumed to be constant dur- 
ing the reaction, Eq. 2 was simplified to 
v=k{R-CONH),|] [CH.O} (3) 
To examine whether the Eq. 3 obtained for 
benzamide is also applicable to the other 


not, this equation was tested for 
When the initial concentrations 
acetamide were both a 


amides or 
acetamide. 
of formaldehyde and 


mol. |. and the consumption of formaldehyde 
was x mol./l., Eq. 4 may be adopted in order 
to confirm the correctness of Eq. 3. 
- 
kt (4) 
a(a—x) 
A linear relationship was obtained between 
x pS , 
and ¢, at the initial stage of the 
a(a—x) 
reaction. (see Fig.5) Accordingly, Eq. 3 was 
well supported. The deviation from _ the 


linearity at longer reaction time was attributed 
to the reversed reaction. For the other nine 
amides, the values of k were estimated by the 
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cad ~ 
0 109 200 
> Reaction time, min. 
‘a , x 
Fig. 5. Plot of Vs. reaction time. 
a(a—Xx) 
Reaction conditions; [CH,CONH:,]-:-0.1 
mol.,1.: {HC1]---0.02028N; [CH-.O]---0.1 
mol./l.; solvent---water; temp. 60°C. 
TABLE I. RATE CONSTANTS FOR SUBSTITUTED 
BENZAMIDES 
Acid amide kt x10 
p-Methoxybenzamide 19.4 
Benzamide 8.16 
p-Chlorobenzamide 4.95 
p-Bromobenzamide 4.56 
m-Nitrobenzamide 1.36 
p-Nitrobenzamide Be 


tT |R-CONH:] 0.05 mol./I., [CH:O] 0.05 mol./1., 
[HCI] 0.05364 mol./I., temp. 60 C. 


TABLE II. RATE CONSTANTS FOR ALIPHATIC 
AMIDES 

Acid amide At «108 o E 
Acetamide a.a7 0.00 0.00 
Propylamide 5.19 0.10 0.07 
n-Butylamide ke —0.115 0.36 
Isobutylamide FP —0.190 0.47 
Benzamide Ke Fe ~0.610 + 1.24 
t Reaction conditions are; [R-CONH,] 0.1 


mol./l., [CH:O] 0.1 mol./I., [HCI] 0.02028 n, 


temp. 60 C, 


Eq. 3. The results are given in Tables I and II 
The Effects of the Polar Character on Reac- 

tion Rates.—These values of k were correlated 

with Hammett’s’? and Taft-Ingold’s®? equations. 

The linear relationships were obtained as Figs. 

6 and 7. 

The two equations were as follows; 


log 1.106 


for the substituted benzamides. 


“Physical Organic 
New York (1940), p. 


Chemistry ” 
184. 


5) L. P. Hammett, 
McGraw-Hill Book Co., 
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Fig. Taft-Ingold equation plot 
k s ; ; , 
log, E. vs. o~ for aliphatic amides. 
log E. 2.164 
OL k de 
k m ; 
log k.* é. 2.160 
for the aliphatic acid amides. The rate con- 
stants for benzamide and acetamide were 
denoted by ky and k,* respectively. 
The negative values of go indicate that 


introducing of the electron releasing groups 
increases the reaction rate. 
The Effect of the Polar Character on the 
Activation Energy and the Activation Entropy. 
For p-methoxybenzamide, benzamide and p- 
nitrobenzamide, the activation energies were 


calculated according to Arrhenius equation. 
(see Table III and Fig. 8). Using the values 
of the activation energy JE* thus obtained, 


the activation entropies JS* were calculated 
according to the following equation, 


. kT . 
h 


ice - 1c* 
k =K e-JE /RT.e4S /R 


Effects in Organic Chemi- 
586. 


6) M.S. Newman, “Steric 
stry”’, John Willy & Sons Inc., New York (1956), p. 
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where transmission coefficient denoted by r« 
was assumed to be unity. The results are 
given in the third column of Table III. 

It seems reasonable to consider that the 
higher value of A for the amide having a 
more electron-releasing group is due mainly to 
the lower activation energy. The compensa- 
tion rule is likely to exist for each amide. 
TABLE III]. ACTIVATION ENERGIES AND ACTIVATION 
ENTROPIES FOR SUBSTITUTED BENZAMIDE 


Acid amide 4JE* kcai./mol. 4S * cal./deg. 
p-Methoxybenzamide 7.8 —23.86 
Benzamide 20.2 -16.30 
p-Nitrobenzamide 23.5 10.16 


t log k 


3 








1/T x 103 


Fig. 8. Temperature dependence of the rate 
constants. 
Upper curve ; p-methoxybenzamide 
Middle curve; benzamide 
Lower curve; p-nitrobenzamide 


Reaction Mechanism of Benzamide_ with 
Formaldehyde.—From the reaction mechanism 
having been introduced by Ugelstadt, it follows 
that 


74 (CHO) 
dt 


= “ k,{HCl] [R-CONH,] |CH,0] 


=k [CONH:] [CH,0] 


Taking into account of his hypothesis that the 
step of attacking of *CH.OH on the lone-pair 
of the nitrogen atom in -CONH.z is rate deter- 
mining, we could expect that the larger rate 
constant was observed for the amide having 
higher electron density at the nitrogen atom. 
Therefore our results can be well explained 
with this mechanism. But on the other hand, 
another mechanism, a Se2 mechanism, may be 
also possible, as follows: 


i) CH.,O+HCI = *CH.OH+Cl- 
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ii) R-CONH,+ *CH.OH+Cl 
+CH,.OH 
0 7 
> R-C-N-H — R-CONHCH.:OH - HCI 
H 
it 
In this mechanism, the step ii is rate deter- 


mining. 

Which mechanism is 
undetermined. 

On the Existence of ,RCONH,~. 
standing a weak basicity of nitrogen 
acid amides, it was proved from a spectroscopic 
study that the addition of a cation to the 
nitrogen atom was probable. 

The infrared spectrum of hydrochloric acid 
salt of p-methoxybenzamide (1:1) at solid state 
(nujol) was compared with that of p-methoxy- 
benzamide (see Fig. 9). 


more correct remains 
Notwith- 


atom of 
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Fig. 9. The infrared spectra of p-methoxy- 


benzamide and its hydrochloric acid salt 
Solid line --- p-methoxybenzamide 
Dotted line --- hydrochloric acid salt 


The absorption bands at 3382 and 3170cm 
of the amide may be assigned to the stretching 
vibrations of the NH. group under the in- 
fluence of: hydrogen bonding. Comparing with 
Hopkin’s result about urea nitrate’, the 3237, 
3150 and 3068cm~-! bands may be decided as 
due to the stretching vibrations of NH The 
disappearance of the 3382cm~' band in the 
salt shows an absence of free NH» group in 
the molecule. 


7) M. Davies and L. Hopkins, Trans. Faraday Soc., 53, 
1563 (1957). 
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From the facts cited above, we may 
reasonably assume the structure of the salt as 
R-C-NH;:Cl-. 

O 
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Formation of Benzenecarboxylic Acids from Bituminous Coal 
by Means of Oxygen-oxidation in Alkaline Medium 
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The oxidation of coal has been an important 
method of studying the structure of coal and 
of obtaining products such as benzenecarboxylic 
The first systematic work was that of 
Schrader used air to 
oxidize suspensions of coal in aqueous sodium 
Oxidation of coal in alkaline per- 

carried out by 
most of the ben- 
Oxygen- 


acids. 
Fischer and who 
carbonate. 
manganate 
Bone 


zenecarboxylic 


sOlution was 
and coworkers, and 
acids were tsolated. 
oxidation in aqueous caustic alkali was carried 
Howard’? and coworkers, who ob- 
tained aromatic polycarboxyvlic acids in good 


yield from bituminous coal. It is hoped that 


out by 


better reaction methods and conditions will be 
found by further detailed experiments. 

In this paper oxygen-oxidation of coal carried 
Out in aqueous solution of sodium or _ potas- 


sium carbonate, in order to investigate the 
influence of reaction 
Various benzenecarboxylic acids were separated 


from the oxidized product and were identified. 


conditions, is discussed. 


Experimental 


The sample used in the experiment was a Japa- 
nese bituminous coal, Shikamachi, the analytical 
result of which is given below: 

Moisture 1.220; Ash 19.82,; C (d.a.f.) 87.3% 
Hid.a.f.) 5.4%. 

Oxidation Procedure A.—A suspension of 6g. of 
coal (through 100 mesh) in 200ml. of sodium car- 
bonate aqueous solution of various concentrations 
Was treated with oxygen (initial pressure 30 kg. 
cm*/0°C) at 250°C for 90 min. in a 600 ml. shaking 
type autoclave (agitation frequency 100/min.). 

Oxidation Procedure B.—A suspension of 85g. 
of coal in 1.51. of aqueous solution of sodium 


1) F. Fischer and H. Schrader, Gesammelte Abhandlungen 
zur Kenntnis der Kohle, 4, (1920); 5, (1922). 

2) W. A. Bone, L. Horton and S. G. Ward, Proc. Roy. 
Soc., A127, 480 (1930). 

3) H.C. Howard et al., J. Am. Chem. Soc., 61, 2398 
(1939); Ind. Eng. Chem., 44, 2784 (1952). 


or potassium carbonate was treated with oxygen at 
250~280°C in a 31. autoclave electro-magnatically 
agitated; the reaction gases discharged continu- 
ously from the vessel at the rate of 21./min. were 
found to contain about 30% (average) of carbon 
dioxide. 

Analysis of Oxidation Products. —The reaction 
product was filtered to remove residue and the 
filtrate was acidified with sulfuric acid to pH 1.5. 
Water-insoluble acids were filtered off and weighed 
after vacuum drying. The filtrate was saturated 
with sodium sulfate at 25 C and extracted twice 
with methyl ethyl ketone equal to 80’, of the volume 
of the total filtrate. The total acids extracted were 
considered to represent *‘ Aromatic acids’”’ after 
vacuum drying at 100°C and removal of oxalic 
acid. Oxalic acid was precipitated ‘with acetic acid 
and calcium chloride, and the precipitate was de- 
composed with sulfuric acid and titrated with 
permanganate The oxalic acid was con- 
firmed as dihydrate by the determination of equi- 
valent weight 64 and melting point 100~101°C. 

Esterification of Aromatic Acid.—150g. of aroma- 
tic acids were dissolved in a mixture of 450g. of 
methanol and 36g. of sulfuric acid and kept at 
110 C for Shr. The products were ex- 
tracted with ethylene dichloride and aqueous solu- 
tion of sodium carbonate. The acidic esters were 


solution. 


reaction 


re-esterified under similar conditions repeatedly. 


Results and Discussion 


Reaction Conditions. — The results of proce- 
dure A are shown in Fig. 1. An increase in 
the ratio of sodium carbonate to coal caused an 
increment in the reaction rate as well as in the 
yield of aromatic acids. The ratio of 8.7: 1 
corresponds approximately to the weight of 
sodium carbonate required to convert all the 
carbon dioxide into sodium bicarbonate. The 
yield of oxalic acid was 1.4% when the ratio 
was 10:1, but less than 0.5% when it was 
lower 7:1. When sodium hydroxide was used, 
the yields of products were as shown in Table I. 
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Procedure A 
@ Aromatic acids 
Water-insoluble acids 
© Organic residue 
TABLE I. THE YIELDS OF OXIDATION PRODUCTS 


USING SODIUM HYDROXIDE AQUEOUS SOLUTION 
Procedure A, NaOH /coal = 3.4 


Yields, wt. % of d.a.f. coal 


y*) 


Aromatic acids 61.32,, Water-insoluble acids 6.82%, 
Oxalic acid 13.2%,, Organic 


Carbon dioxide carbon, coal carbon 


residue 1.2%, 


0.498 


Accordingly, it is seen that if enough sodium 
carbonate is present, the yield of aromatic acids 
is the same as in the case of sodium hydroxide. 

A portion (200 ml.) of the reaction product 
from procedure B* was resubmitted to oxida- 
tion under two different conditions (Table IT) 


TABLE II. OXIDATION OF REACTION PRODUCT 


Yield of acids, 
wt. % of d.a.f. coal 
Oxidation 


condition Water- eee ee 
Aromatic 
insoluble pee 
‘ acids 
acids 

Before reoxidation 61.2 34.2 

Procedure A 0.8 17.0 

Procedure A 34 55.2 


34g. of NaOH added sais 


to investigate the influence of alkali on the 
decomposition of the acids produced. It was 
observed that when the ratio of alkali to coal 
was small the decomposition rate of aromatic 
acids and water-insoluble acids was_ high. 
During oxidation reaction equilibrium was 
reached : 
NaeCO;— CO, 


H;0 < 2NaHCO 


* 250°C, 120 min., Na,CO;/coal= 1, oxygen partial pres- 


sure 10kg./cm’, agitation frequency 85/min. 
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Fig. 2. Influence of the ratio of alkali to 

coal. 

Procedure B, 270 C, 120 min.. 

Oxygen" partial pressure (average) 14 kg. 

cm- K.CO 17 kg./cm (Na.CO 

Agitation frequency 85/min. 

@ Aromatic acids (Na,CO 

> Aromatic acids (KeCO,) 

@ Water-insoluble acids (Na.CO,) 
Water-insoluble acids (K2CO,) 


So it was inferred that bleeding the reactor to 
remove carbon dioxide would result in good 


yield of aromatic acids, even when the ratio 
of alkali to coal was not large. Results of 
procedure B are shown in Fig. 2. The rela- 


tions were found to be independent of the 
kind of alkali atjthe same molar ratio, when 
the normality of solution was chosen instead 
of alkali coal weight ratio. Good acids yields 
were obtained when the ratio of alkali to coal 
was higher than 2:1. 
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Procedure B, 120 min. NasCO, 255g. 
Oxygen partial pressure (average) 17 kg. 
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Oxygen partial pressure (average) 

14 kg. cm- 

@ Aromatic acids 
Water-insoluble acids 


Generally, the reaction rate was doubled for 
10°C rise in temperature. There is also 
temperature as shown in Fig. 3. 
is also important as 


every 
an optimum 
The effect of agitation 
shown in Fig. 4. 

TABLE III. REACTION CONDITIONS FOR OPTIMUM 


YIELDS OF AROMATIC ACIDS 


Reaction conditions 


Alkali used Na:CO; K:CO; 
Alkali/Coal (wt. basis) 3 3 
Temperature (-C) 270 270 
Time (min.) 120 120 
Total pressure (kg./cm*) 70 72 
Oxygen pressure 
(average, kg./cm-) 14 14 
Agitation frequency (per min. 85 85 
Yield (wt. %. of d.a.f. coal) 
Aromatic acids 60.8 63.9 
Water-insoluble acids 3.8 a 
Oxalic acid 0.2 2.8 
Organic residue 3.1 ;. 
TABLE IV. PROPERTIES OF ACIDS PRODUCED 
UNDER OPTIMUM CONDITIONS 
Aromatic Water-insolu- 
Color acids ble acids 
yellow dark brown 
Elementary analysis C(%o) 54.5 66.0 
H(%o) ce 3.0 
Molecular weight 250 
Equivalent weight 80 130 
Remarks: Ash contents of these acids were 


less than 0.125. 
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Details of the optimum reaction conditions 
and the yield of products are given in Table 
III. The properties of the acids are given in 
Table IV. 

The coal oxidation process may be expressed 

I 


1 i 
Coal —> Water-insoluble acids — 
il 


Aromatic acids -> CO., H.O. If the ratios of 
the reaction speeds of these steps are independ- 
ent of any reaction factors, good correlation 
between the yields of products should be 
observed. The relations between water-insolu- 
ble acids and aromatic acids are plotted in 
Fig. 5, and found the mechanism of the reac- 
tion is not changed by altering temperature, 
pressure and agitation. When the alkali coal 
ratio is 1:1, the first step becomes slow and 
the third fast. The oxidation mechanism 
depends upon the ratio of alkali to coal. 


as follows: 


| 
70 i 


coal 


o of d.a.f. 
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Water-insoluble acids, wt. % of d.a.f. coal 


Fig. 5. Relations between 
acids and aromatic acids. 
Procedure B, 250~280°C, 120 min., 
Oxygen partial pressure 
kg./cm?, Agitation frequency 55~100/min. 

K.CO;/coal=2~5 


water-insoluble 


(average) 7~21 


, K.CO,/coal=1 
@ Na.CO,;/coal=2 or 3 
Separation of Benzenecarboxylic Acids.— From 
the industrial point of view, the most favor- 


able oxidation medium may be sodium car- 
bonate, because of its smaller corrosive effect, 
low cost and the possibility of its easy recovery. 
Benzenecarboxylic acids were separated from 
the aromatic acids which were obtained by 
the sodium carbonate under the 
optimum conditions. 

By the first and second esterification 128 g. 
of neutral esters (Fraction A) were obtained, 
and by the third and fourth 15g. (Fraction 
B) were obtained. Residual acidic materials 
completely hydrolysed with alkali and 
6g. of acids (Fraction C) were recovered. 


process 


were 
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TABLE V. ANALYTICAL 


Elementary 


Component 
i 
analysis (%0) 


C H 
Phthalic acid 57.45 3.66 83 
(57.45) (3.64) (83) 
Isophthalic acid 57.69 3.45 83 
(57.45) (3.64) (83) 
Terephthalic acid 37.353 3.45 83 
(57.45) (3.64) (83) 
Trimellitic acid 31.52 3.01 70. 
51.41) (2.85) (70) 
Hemimellitic acid 56.80 4.57 84 
trimethy! ester 57.14) (4.78) (84) 
Trimesic acid a1.28 2.84 83 
trimethyl ester (51.41) (2.85) (84) 
1,2,3,4-Benzene- 54.35 4.83 v7 
tetracarboxylic acid (54.19) (4.52) (77. 
tetramethyl ester 
1,2,3,5-Benzene- 54.42 4.76 78 
tetracarboxylic acid (54.19) (4.52 (77. 
tetramethyl ester 
1,2,4,5-Benzene- 54.28 4.67 77. 
tetracarboxylic acid (54.19) (4.52) (FT. 
tetramethyl! ester 
Benzenepenta- a 4.01 7 
carboxylic acid (52.18) (4.38) (73 
pentamethyl ester 
Mellitic acid 56. 
(57 
Naphthalenetri- 60.54 3.59 87. 
carboxylic acid (60.00) (3.08) (86. 


Figures in brackets have been calculated. 


Mb 
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ISOLATED ACIDS AND ESTERS 


Melting 
noint Remarks 


Anhydride 131°C 
p-Nitrobenzyl 


ester 155°C 


Barium salt 
water-soluble 


Dimethyl ester 65°C 
p-Nitrobenzyl 
ester 201~202°C 


Dimethyl ester 
139~140-°C 


Barium salt 
water-soluble 


Acid 224~225°C 


Trimethyl ester 
100°C 


Trimethyl ester 
43~144-C 


Acid 237~240°C 
Tetramethyl ester 
130°C 


Tetramethyl ester 
112~113°C 


Tetramethyl ester 
141.5°C 


Pentamethyl ester 
147~148-C 


Insoluble 
in ammonia 


Acid 282~285-C 


Naphthalene was 
obtained after 
decarboxylation*. 


* Dissolved in aqueous solution of sodium carbonate and treated at 450°C. 


Fraction A was separated into nine fractions 
by means of vacuum distillation at 120~300°C 
(packed column, I.d. 10mm., height 26cm.). 


From the distillate nine benzenecarboxylic 
acids (di-, tri- and tetra-) were isolated by 
means of solubility difference, using acids, 


barium salts or methyl esters in solution, and 
identified (Table V). Infrared spectra of the 
benzenecarboxylic acids were compared with 
those of the pure substances and confirmed 
the identifications. Traces of benzoic acid 
were isolated by means of counter-current 
distribution (solvent: ethyl ether and water) 
from phthalic fraction. Naphthalene- 
carboxylic was separated as follows; the 
ethyl ether soluble part of a distillate (4 mmHg, 
225~300°C) was hydrolysed, the filtrate of 
barium in solution was extracted with 
ethyl ether after acidification, and the extracted 
acid in ethyl ether solution was purified by 
washing with water. 


acid 


acid 


salts 


Fraction B was submitted to chromatography 
(column alumina, developer carbon tetra- 
chloride) and recrystallization, and as a result 
benzene tetra- and penta-carboxylic acids were 


isolated. From Fraction C mellitic acid was 
isolated. 
The yields of benzenecarboxylic acids from 
the aromatic acids were as follows: 
Benzenedicarboxylic acids 7.1% 
Phthalic acid 5.9% 
Isophthalic acid 1.1% 
Terephthalic acid 0.1% 
Benzenetricarboxylic acids 16.2% 
Hemimellitic acid 4.9% 
Trimellitic acid 10.9% 
Trimesic acid 0.4% 
Benzenetetracarboxylic acids 17.3% 
mainly 1,2,4,5- and 1, 2, 3, 4- 
Benzenepentacarboxylic acid 1.9% 
Mellitic acid 0.3% 
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The total yield of benzenecarboxylic acids 
was 43% of aromatic acids and 25% of coal 
(d.a.f.). The ratio of di- tri- and tetra-ben- 
zenecarboxylic acids was approximately 1:2:2 
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Charge-transfer Complexes between Iodine and Various Aliphatic Amines 


By Hiroshi Yapa, Jiro TANAKA and Saburo: NAGAKURA 


(Received June 21, 


In 1949 Benesi and Hildebrand” found an ab- 
sorption band characteristic of the iodine 
complex with benzene. They demonstrated 
that this absorption band belongs to neither 
of the component molecules but is due to the 
interaction between them. Mulliken 
in interpreting it as the intermolecular charge- 
transfer absorption, namely, the absorption 
inherent to the charge-transfer complex caused 
by the interaction between an electron donor 
and an electron acceptor. Since that time 
complexes of this kind consisting of various 
combinations of electron donors and acceptors 
have been studied from both experimental and 
theoretical points of view” Especially, the 
complexes containing iodine as electron acceptor 


succeeded 


have been investigated extensively by many 
authors 
Nagakura studied spectroscopically the 


complex between triethylamine and iodine in 
n-heptane. He concluded that the system does 
not exist as the ammonium salt like (R;IN)*I 

but does as the charge-transfer complex re- 
presented by the resonance hybrid between 
the no-bond structure, R,N-::::: I, and the dative 
(charge-transfer) structure, R,N* —I.~, and also 
showed that this complex is the most stable 
among the iodine complexes studied so far, as 
is seen from its great heat of formation of 12.0 
kceal./mol. Further, Nagakura and Tsubomura 


1) H. A. Benesi and J. H. Hildebrand, J. Am. Chem. 
Soc., 71, 2703 (1949). 

2) R.S. Mulliken, ibid, 74, 811 (1952); J. Phys. Chem., 
56, 801 (1952). 

3) L. J. Andrews, Chem. Revs., $4, 713 (1954). 

4) S. P. McGlynn, ibid., 58, 1113 (1958). 

5) T. Kubota, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 80, 578 (1959). 

6) C. Reid and R. S. Mulliken, J. Am. Chem. Soc., 76, 
3869 (1954). 

7) S. Aono, Prog. Theor. Phys., 20, 133 (1958). 

8) S. Nagakura, J. Am. Chem. Soc., 80, 520 (1958). 

9) S. Nagakura and H. Tsubomura, J. Chem. Phys., 27, 
819 (1957). 
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determined the dipole moment of this complex 
to be 11.3D in dioxane solution. This fact is 
conceivably interesting in showing that the 
contribution of the dative structure amounts to 
or probably exceeds 50°, for this complex and 
that the complex may be regarded as an inter- 
mediate stage for the ammonium salt formation 
process shown as follows: R3N~I.—>R;IN* +I 
In fact it has been observed that the complex is 
easily converted into the corresponding ammo- 
nium salt when a slight amount of moisture 
iS present. 

In the present paper, the above-mentioned 
study is extended to iodine complexes with 
aliphatic amines other than triethylamine. 
The electron donors used in the present 
study are ammonia, methylamine, ethylamine, 
n-butylamine, dimetylamine, trimethylamine, 
tri-m-propylamine, tri-m-butylamine and piperi- 
dine. One of our principal purposes is to 
discuss the relation between the stability of 
the complexes and the structures of amine 
molecules as electron donors, special attention 
being concentrated on the effect of the alkyl 
group upon the electron donating power and 
steric repulsion of various amines. Another 
principal purpose is to obtain accurate and 
profound knowledge concerning the spectrc- 
scopic properties of the amine-iodine complexes. 
This is useful for discussing the mechanism 
of the complex formation. 


Experimental 


of Materials..-Commercial iodine 
sublimed first with calcium 
oxide and potassium iodide, and sublimed again 
under nitrogen atmosphere. It was kept in a desic- 
cator with phosphorus pentoxide as a drying agent. 
n-Heptane of Enjay Co. was shaken with sulfuric 
acid, dried with calcium chloride and sodium metal 
successively, and distilled with a distilling column 
of 60 plates made by Tokyo Kagaku Seiki Co. 


Purification 
of G.P. grade was 
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Ammonia generated from its aqueous solution by 
adding concentrated aqueous alkali was liquefied 
by coolng with dry ice and acetone mixture and 
dried with a piece of sodium metal. The dry am- 
monia thus obtained was led into a-heptane to 
prepare the stock solution. This stock solution was 
diluted to a desired concentration immediately before 
use. Methylamine, ethylamine, dimethylamine and 
trimethylamine were purified by distilling at low 
temperatures with activated alumina immediately 
before use for spectrophotometric measurements. 
The concentrations of ammonia, methylamine, 
dimethylamine and trimethylamine were determined 
by titration. n-Butylamine, diethylamine and 
piperidine were distilled twice with activated alumina 
to remove a trace of water. Tri-n-propylamine and 
tri-m-butylamine were shaken with acetic anhydride 
to remove primary and secondary amines contained 
as impurities, dried with activated alumina and 
then distilled twice under reduced pressure. 
Method. \ Cary recording spectrophotometer 
Model 14 was used for measuring absorption spectra. 
The temperature of the absorption cell was kept 
constant during the measurements by using the 
thermospacer through which water of constant tem- 
perature was circulating. A quartz cell with a glass 
stopper (10+0.01 mm. light path) was used for the 
measurements in the ultraviolet region and a quartz 
cell with 1000.2 mm. light path was also used for 
the measurements in the visible region. In the 
present experiments, the concentrations of iodine and 
aliphatic amines were taken as low as possible. The 
actual values of the concentration were in the order 
of 10-° and 10-*~10~4 mol./I. for iodine and alipha- 
tic amines, respectively. Under these conditions, 
the mixed solutions of iodine and amines were 
proved spectroscopically to exist in stable equilibrium 
for several hours. For the system of iodine and am- 
monia, however, the donor concentration amounted 
to the order of 10-2 mol./I., since the equilibrium 
constant for this system was rather small com- 
pared with those the other systems’. In_ this 
case the shape of the shifted visible band of iodine, 
which was used for the calculation of equilibrium 
constants in this observed to be 
slightly dependent on the donor concentration. It 
was evident, however, that the effect was not so 
great as to affect the calculated equilibrium constants. 
Special care was taken to get rid of moisture in 
the procedure of preparing the mixed solutions, 
since even the existence of a slight amount of water 
is supposed to produce the I,;~ ion whose strong 
absorption peaks appear in the vicinity of the two 
kinds of absorption bands, namely the charge- 
transfer band and the shifted visible band of iodine. 


case, Was 


Results and Discussion 


speaking, all the amine-iodine 
under present consideration 


Generally 
complexes 


show 


10) With the amine concentration over this limit value 
the shape of the two bands apparently changed and their 
peaks seemed to shift towards longer and shorter wave- 
lengths for the charge-transfer band and the shifted visi- 
ble band of iodine respectively. This phenomenon is 
the same as that observed by Reid and Mulliken in the case 
of pyridine-iodine system. In this case it is likely that 
complicated phenomena other than 1:1 equilibrium occur 
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the same spectroscopic features as the triethyl- 
amine-iodine complex described in the previous 
paper does Some typical examples of the 
absorption spectra measured in the present study 
are shown in Figs. 1—4. As is revealed from these 
figures, the absorption spectra of the iodine 
amine systems commonly show two charac- 
teristic bands at 410~430 mv and 230~280 mr 
wavelength regions. By comparison with the 
iodine-triethylamine system reported in the 
previous paper”, it is evident that the shorter 
and longer wavelength bands are respectively 
the charge-transfer band and the blue-shifted 
one of the visible band of todine which 
ordinarily appears at 520my in a-heptane. 
The maximum wavelengths (Acr, Zi.) Of these 
two kinds of absorption bands are given in 
Table I, together with the peak intensity (<cr) 
for the charge-transfer band. Further, from 
the analysis of these spectroscopic data, it was 
concluded that all the electron donors under 
consideration form stable 1:1 complexes with 
iodine in a-heptane. Since the details of 
the analytical method was described in the 
previous paper’, it seems tedious to repeat 


0.8 
0.6 
-) 
-) 
= 
re) 
5 
2 04 
ao) 
< 
0.2 





A, my 


Fig. 1. The near ultraviolet absorption meas- 
ured at 20°C with mixed solution of ammonia 
and iodine in n-heptane. The concentration 
of iodine is 7.35«10-° mol./l. The concen- 
trations of ammonia are 5.70 10~* and 1.14 

10-- mol./. for curves | and 2, respectively. 
Curves |’ and 2’ are the absorption curves 
for the pure ammonia solutions with the con- 
centrations corresponding to curves | and 2, 
respectively. The iodine solution of 7.35 
10-° was used as reference with the measure- 
ment of curves | and 2. The light path was 
10 mm. in all cases. 
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Fig. 2. The near ultraviolet absorption meas- 
ured at 20°C with the mixed solution of tri- 
methylamine and iodine. The concentration 
of iodine is 3.00% 10~-° mol./l. The concen- 
trations of trimethylamine are 2.04 10-4, 
4.08 «10-4 and 7.45% 10°4mol./l. for curves 
1, 2 and 3, respectively. Curves 1', 2' and 3' 
are the absorptions for the pure trimethyl- 
amine solutions with the concentrations cor- 
responding to curves I, 2 and 3, respectively. 
Curve 4 is for the pure iodine solution. The 
light path was 10mm. in all cases. 


here an account of it. Hence, our description 
on the evaluation of the equilibrium constants 
(K) will be made only in brief. 

The actual evaluation of K was made by the 
two following methods; one is Benesi and 
Hildebrand’s method and the other is the 
method which was applied successfully to some 
hydrogen-bonded systems and also to the tri- 
ethylamine-iodine system*”? Fig. 5 shows 
that Benesi and Hildebrand relation is satisfied 
for the systems under consideration. The K 
values obtained by these two methods were in 
complete agreement with each other within the 
range of experimental errors. For most of 
the systems under consideration, both the 
charge-transfer band and the shifted iodine 
visibie band were used for the evaluation of 
K. However, for the system containing am- 
monia or methylamine as the electron donor, 
K was evaluated from the blue-shifted iodine 
band alone. This is because the charge-transfer 
bands of these two systems, which appeared 
at shorter wavelengths compared with those of 


11) S. Nagakura, J. Am. Chem. Soc., 76, 3070 (1954). 
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Fig. 3. The temperature dependency of the 
near ultraviolet absorption of the mixed solu- 
tion of trimethylamine and iodine. The con- 
centrations of iodine and trimethylamine are 
3.00 x 10-° and 4.08 x 10-4 mol./I., respectively. 
10mm. light path. 
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a, my 
Fig. 4. The visible band of the mixed solution 


of tri-n-butylamine and iodine. The concen- 
tration of iodine is 3.97x10->mol./l. The 
concentrations of tri-nm-butylamine are 0, 8.34 
<10~* and 1.294 10~3 mol./l. for the curves 
1, 2 and 3, respectively. 100mm. light path. 


the other systems, overlap to some extent 
with the band at some 190 my pertinent to the 
electron donors and therefore are not suitable 
for the accurate evaluation of K. The K values 
at various temperatures obtained in the present 
study are given in Table I. Then the values 
of Rin K were plotted against the reciprocals 
of the absolute temperatures (7) at which 
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Rin kK, kcal. 
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3.30 3.40 3.50 





1/T x 108 
Fig. 6. The relations between Rin K and 
1/T for the diethylamine ( ) and 
piperidine (------) complexes. 


equilibrium constants were obtained. The 
linear relationship between these two quantities 
is shown in Fig. 6 for some typical systems. 
The heat of formation (JH) and the entropy 
change (JS) for the complex formation were 
obtained from the slope of the straight line 
and its intersection with ordinate, respectively 
(actually by the use of the least squares 
method). The results are shown in Table I, 
together with the ionization potentials (Jp) 
cited from literatures'**' for convenience of 
discussion. Some notable facts deduced from 
the results in Table I will be discussed below. 
Heat of Formation and Entropy Change. 
The | JH! values change widely from 4.8 kcal./ 
mol. for the ammonia complex to 12.3 kcal. 
mol. for the tri-m-propylamine complex. A 
similar tendency can also be seen with |JS|. 
Moreover, it is evident from Table I that both 
of these quantities generally increase with the 
decreasing ionization potential of the electron 
donor. This relationship between |JH)} and 
I, is completely consistent with the expectation 
from Mulliken’s charge-transfer theory. There- 
fore this fact certainly supports the interpreta- 





1.05 ie ee tion that the iodine-amine complexes under 
1/Cpx 10-2 consideration are of Mulliken’s charge-transfer 

type. 
(b) It is worthy of notice that the values of 


las : - , JH| and |JS| increase regularly by replacing 
Fig. 5. Benesi-Hildebrand’s plots for the di- 


ethylamine-iodine complex: a, at 10°C; b, at 12) K. Watanabe and J. R. Mottle, J. Chem. Phys., 26, 
30°C. Cp and d are the concentration of phe ~* 1 oO 1 T. Tsuch VV h 

2 13 igasi, mura inc Suc va, mograpTh 
electron donor and the absorbance of the Series of the Research Institute of Applied Electricity, Hoke 


4 


solution. kaido University, No. 4 (i954 ), Appendix. 
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TABLE I. SPECTROSCOPIC AND THERMAL DATA OF VARIOUS IODINE-AMINE COMPLEXES OBTAINED 
IN THE PRESENT EXPERIMENT TOGETHER WITH THE IONIZATION POTENTIAL DATA (J,) 


i lectron Aor E( d A 7 4S [321 
donor mys vali m/s! 10 € 20°C 29°C 30°C 40-C mol. eas eV. 
Ammonia 229 2.34 430 89 67 4.8 8.0 10.154 
MeNH 245 zeke 418 530 330 Tol 2.3 8.97 
EtNH 246 2.26 417 720 560 480 320 7.4 12.3 8.86 
n-BuNH 247 2.48 417 1230 770 480 8.4 14.8 8.71 
Me.NH 256 2.68 412 6800 4200 2560 9.8 15.9 8.24 
Et.NH 260 2.50 410 13000 7120 4260 9.7 18.4 8.01 

piperidine 260 2.97 410 16200 9400 4900 10.3 16.1 
Me,N 266 3.13 414 12100 7540 6240 4370* 2:4 22.6 7.82 
Et,N 278 2.56 414 6320 4690 3310 1740 12.0 23.5 7.50 
n-Pr.N 281 2.38 414 2930 1390 740 12.1 26.6 esas 
n-Bu,N 281 2.50 414 3900 1600 12.3 27.8 


a” 
~ 


This value was obtained at 3 


already pointed out by several authors'’, JH’s 












| ~ . . ~ . 
120 are often known to change in a linear fashion 
with JS’s for a series of related reactions or 
equilibria involving moderate changes in struc- 
10.0 ‘ ture. For example, Keefer and Andrews! 
> 80 | 
2 , 2 11 
E x 12.0 8% 10 
= «(6S 11.0 
= P 7 
ae | Fé 10.0 a 
41.0 | z J 
ro) 6 
] - 
i 9.0 
2.0 } “= 
| 3) 
} ont 8.0 
| = 4H( kcal. /mol)=1667+0545.45 
0 ! ! a Lo “ 70 
1 NHR NHR NR 
Fig. 7. The effect of successive substitution of 60 
alkyl groups for hydrogen atoms of ammonia 
on the heat of formation. 
5.0 
R— Me : R=Et : 
40 . 
: . 10.0 15.0 200 25.0 30.0 
successively hydrogen atoms of ammonia by 
fixed kinds of alkyl groups. A typical example AS, e.u. 
exhibiting such a tendency is given in Fig. 7. Fig. 8. The relation between the heats of 
This figure shows that |JH]| changes linearly formation and entropies. The numbers in 
with the number of the methyl or ethyl group Figs. 8-10 represent the kind of electron 
- 5 - . ‘ ° -— = " <n © 
introduced into the ammonia molecule. This donors: 1, ammonia; 2, methylamine ; 


3, ethylamine; 4, n-butylamine; 5, di- 
methylamine ; 6, diethylamine ; 7, piperi- 
dine ; 8, trimethylamine ; 9, triethylamine 
10, tri-u-propylamine ; 11, tri-n-butyl- 
amine. The value for triethylamine is 


seems to be interesting in meaning that the 
effect of the alkyl substitution upon. the 
magnitudes of this quantity may be additive. 
According to the present experimental results, 


> | Ine increace , - 5 
the |JH| value increases by 2.4 keal./mol. by taken from Ref. 11. 
replacement of a hydrogen atom of ammonia 
by a methyl or ethyl group. 14) For example, see J. E. Leffler, J. Org. Chem., 20. 


‘ . 1202 (1955). 
; ot us : some note ; S 
Next let v add ome notes on the direct 15) R.M. Keeferand L. J. Andrews, J. Am. Chem. Soc., 


relation between |JH)| and |JS|. As was 77, 2164 (1955). 
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reported that such a linear relationship holds 
good for a series of substituted benzene-iodine 
complexes. 

As is clear from Fig. 8, the linear relation- 
ship between |JH| and |JS| seems to hold 
for most amine complexes studied in the present 
paper, too. However, the points for the com- 
plexes including diethylamine and four tertiary 
amines as electron donors apparently deviate 
rightwards from the straight line. In the 
complex formation of iodine with these amines 
involving bulky substituent groups, the steric 
Strain may actually bring about a great decrease 
of freedom in the motion of the substituent 
groups. This is probably the reason why the 
complexes including these amines as electron 
donors show greater entropy change than that 
expected from the linear relationship in Fig. 8. 
Such deviation from the linear relationship 
was also observed by Keefer and Andrews 
with the hexaethylbenzene-iodine complex 
Excluding the members deviating from the 
Straight line, one can evaluate the isokinetic 
temperature’? to be 545°K for amine-iodine 
systems. 

The Relation between 
Constant. — When the 


4H\ and Hammett’s 
linear relationship is 


satisfied between JH and JS in a series of 


related reactions or equilibria, the same rela- 
tionship is kuown to be always satisfied be- 
tween Hammett’s substituent constant o and 
4H, too. In fact, on the basis of the experi- 
mental results by Brown et al.', Taft’? pointed 
out that JH values of Me;BNR; complexes 
change linearly with the o* values of substituent 





So* 


Fig. 9. Hammett’s plot between the heat of 
formation and o*. The straight line is 
drawn by applying the least squares method 
to the points 1—S and 7. 


16) H. C. Brown and R. B. Johannesen, ibid., 75, 16 
(1653) and other papers 

17) R. W. Taft, Jr., ‘* Steric Effects in Organic Chemis- 
try’, Edited by»M.S. Newman, John Wiley & Sons, 
Inc., New York (1956), p. 632. 


mol. 


SH, keal. 
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groups of amines, so far as the steric strain 
due to the substituent groups may be regarded 
A similar relation may be expected 
Fig. 9 are 


as small. 
to hold for the present case. In 
plotted the heats of formation of the iodine 


values for alkyl 
* 


* 


amine complexes against o* 
groups of various amine components. The o 
values taken here are the those 
employed by Taft’? for the trimethylboron- 
amine complexes. Inspection of the figure 
reveals to us that, as expected from Hammett’s 
rule, the linear relationship is well satisfied 
for almost all the points except for those of 
triethyl-, tri-m-propyl-, tri-n-butyl-amines. The 
discrepancy observed with these three tertiary 
amine complexes may reasonably be thought 
to be caused by the steric strain. This fact is 
consistent with the conclusion derived from 
the | JH JIS | relationship mentioned in the 
preceding paragraph. Taft also pointed out 
the existence of a similar discrepancy for the 
Me,;B-NR; complexes. By excluding the cases 
of the donors deviating from the straight line 
in Fig. 9, the value of reaction constant p can 
4.84 for the amine iodine 


Same as 


be calculated to be 
complexes. 

The Relation between Wavelengths of Charge- 
transfer Bands and Ionization Potentials of 
Electron Donors.—In Fig. 10 the transition 
energies (Avi) of the charge-transfer spectra 
are plotted versus the ionization potentials of 
electron donors. As is clearly seen from this 
figure and Table I, the lower the ionization 
potentials of electron donors are, the smaller 
the transition energies of the charge-tranfer 
bands. This tendency can naturally be expected 
from Mulliken’s theory and has already been 
several investigators for iodine 
hydrocarbons and 

However, the 


Observed by 
complexes with aromatic 
other electron donors'’’'. 
present results are thought to be more reliable 
and systematic compared with results obtained 
with some other iodine complexes, because for 
the present systems the charge-transfer bands 
appear at the suitable wavelength region where 
the bands do not overlap with those inherent 
to the component molecules and _ therefore 
the accurate determination of the maximum 
wavelength is possible. 

Concerning the relation between the ioniza- 
tion potentiai of the electron donor and the 
transition energy of the charge-trasfer absorp- 
tion band, Mulliken’s charge-transfer theory 
gives the following formula: 


hyct=Ip —A+28?/ Up —A) (1) 


l Ref. 17, p. 619. Lo* for piperidine is assumed to be 
the sum of o* values of ethyl and n-propyl groups. 

19) R.S. Mulliken, Rec. trav. chim. Pays-Bas, 175, 845 
(1956). 
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Fig. 10. The relation between the transition 


energies (fv 


of the charge-transfer absorp- 


tion bands and the ionization potentials of 
the electron donors (/ 

where > means the exchange integral between 
electron donating and accepting 
orbitals, and A represents the electron affinity 
of the acceptor plus the attraction energy be- 
tween the component molecules in the charge- 
transfer structure. Hastings et al. found 
empirically that Eq. 1 with constant A and 5 
fits well the observed Ayvcy values of the com- 
plexes of a large number of donor molecules 
with iodine. However, in the present todine 
complexes where the value of |/,—Aj| can not 
be thought to be considerably large as compared 
with || and the interaction between the com- 
ponent molecules is apparently great as revealed 
from the JH values, it looks better to adopt 
the following equation which can be derived 
by treating the resonance interaction of the 
no-bond structure with the dative (charge- 
transfer) structure with the aid of a variation 
method : 


electron 


Ruct=V (Up—A)* —458 Up — A) + 48"/ 1 —5°) 


(9 


) 
} 


where s means the overlap integral between 
the electron donating and accepting orbitals, 
and the other notations in Eq. 2 are 
the same as those in Eq. 1. From either 
of these formulas, the linear relationship be- 
tween J, and Ayer may be expected when the 
magnitude of J,—A is overwhelmingly greater 
than |5!. In fact, Ham, Platt and McConnell: 
pointed out that the expected relationship is 
fulfilled for the Aves and Jy) values observed 
with a number of iodine complexes. 

By the first glance at Fig. 10, it may be 
revealed that all the points in the figure fit 


20) H. McConnell, J. S. Ham and J. R. Platt, J. ¢ 
Phys., 21, 66 (1953). 

21) S. H. Hastings, J. L. Schiller and F. A. Matsen, J 
Am. Chem. Soc., 75, 2900 (1953) 
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fairly well a straight line. However, in view 


of the fact that the observed Aves values of 


iodine complexes with various primary or 
tertiary amines show a tendency to converge 
to a constant value (5.0 and 4.4 eV. for primary 
and tertiary amines respectively), it looks 
better to interpret the results as follows: All 
the points in Fig. 10 are divided into three 
parts, according to whether the electron donor 
is ammonia and primary amines, secondary 
amines, or tertiary amines. Further, each part 
of them can conceivably be represented by a 
hyperbola as expected from Eq. 2. 

In other words, it may be said that no para- 
meter in Eq. 2 is a constant commonly used 
for all the iodine complexes under considera- 
tion but rather a constant characteristic of 
each part. In this connection, it seems interest- 
ing to evaluate the actual values of these 
parameters in such a manner as to fit the ob- 
served relationship between Jp and Avey as well 
as possible. 

Under the reasonable approximation that the 
exchange integral 3 is proportional to the 

as, Eq. 2 can 


overlap integral s, namely j 
be changed as follows: 


(1—s°) Avec 


(Ip — A)? —4(Ip — A) as? + 40057} " (3) 


Here a is a constant which may be commonly 
determined independently of the kind of amine. 
The structure of the trimethylamine-iodine 
complex was studied by Stromme*? with the 
aid of X-ray crystal analysis method and was 
determined as shown in Fig. 11. On the basis 


Fig. 11. The spatial configuration for the tri- 
methylamine-iodine complex based on 
Strémme’s X-ray crystal analysis*. 


of this structure, the overlap integral s, for 
the tertiary amine-iodine complex system can 
be evaluated at 0.293. In this case, the 5p o* 
antibonding orbital of iodine and the s-p 
hybridized nonbonding electron orbital of 
nitrogen are assumed to be electron accepting 
and donating orbitals, respectively. In that 
case the proportion of s-p hybridization was 
determined from the ZC-N-C bond angle. 
By the use of the value of s: and the observed 
hy: and J, values, the parameter A: for the 
tertiary amine complexes and the common 


22) O. Stromme, Acta Chem. Scand., 13, 268 (1959) 


NY 
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parameter a@ can be evaluated at 7.60 an 

7.14eV., respectively. Further, by applyin 
commonly this @ value to the secondary an 
primary amine systems, the parameters for these 
systems (s., Sp, A. and Ap) can be determined. 
These results are tabulated in Table II, together 
with the values of 3;, 5s and §:. 


a0 O 


TABLE I]. THE CALCULATED VALUES OF PARA- 
METER IN Eq, 3 
A (eV.) (eV.) 
Primary amines 9.85 0.327 a Y 
and ammonia 
Secondary amines 8.21 ©. 308 2.20 
Tertiary amines 7.60 0.293 2.09 


From Table If it is clear that A, s and 


values decrease in the order of primary amine 


secondary amine tertiary amine. The ex- 
planation for this tendency will be given 
below. The bulky alkyl groups attached to 
the nitrogen atom of the amine molecule 
probably cause the increase in the © steric 


repulsion with the opponent iodine molecule. 
Actually the existence of the steric hindrance 
for the cases of the triethylamine,  tri-n- 
propylamine and tri-n-butylamine complexes 
was shown in the preceding paragraph. This 
steric repulsion may conceivably bring about 
the increase in the N-I distance of the complex, 
in the order of the primary amine <secondary 
amine < tertiary amine. This means that s, | 3 
and the magnitude of the electrostatic attrac- 
tion in the dative (charge-transfer) structure 
decrease in the following order: primary 
amine amine > tertiary amine. 
Moreover, A is considered to be the sum 
of the electron affinity of electron acceptor and 
the electrostatic attraction between component 
molecules in the complexed state. Therefore 
the values of A turn out to decrease in the 


secondary 


above order, even if the electron affinity of 


iodine may be regarded as a constant. Since 
the latter value is usually assumed to be 
1.8 eV.°?, it is easily seen from the A values 
given in Table II that the absolute values of 
the electrostatic attraction terms then amount 
to some 8.0, 6.4 and 5.8eV. for the complexes 
including ammonia and = primary amines, 
secondary amines, and tertiary amines, respec- 
tively. 


Summary 


Mulliken’s charge-transfer type molecular 
complexes between iodine and various aliphatic 


23 R. S. Mulliken, J. Am. Chem. Soc., 72, 600 (1950 


amines were studied spectrophotometrically in 
n-heptane solutions. The electron donor com- 
ponents used in the present study include am- 
monia, primary amines (methyl-, ethyl- and 
n-butyl-), secondary amines (dimethyl-, diethyl- 
and piperidine), and also tertiary amines (tri- 
methyl-, tri-m-propyl- and tri-n-butvl-). The 
charge-transfer absorptic 
of molecular complexes of this kind appeared 
between 229 and 281m” depending on the 
kind of amines used as electron donors. The 
stable equilibria of 1:1 complex formation 
were verified for all the systems. The equili- 
brium constants (K) were determined at vari- 
Ous temperatures and the heats of formatior 


bands characteristic 





(JH) and entropy changes (JS) were 
evaluated. The values of JH ran from 
4.8 kcal./mol. for ammonia complex to —12.3 


keal./mol. for tri-m-butylamine complex, and 
JS also changes from —8.0e.u. for the former 
and —27.8e.u. for the latter. The effect of 
successive replacement of hydrogen atoms of 
ammonia by methyl or ethyl groups on the 
value of JH was shown to be additive. From 
the data of JH and JS it was concluded that 
there exists a linear relation between these 
two quantities for the iodine complexes with 
all the primary amines and secondary amines 
having rather small substituent groups like 
methyl. The deviation from the linear relation 
was Observed with the complexes including 
diethylamine and tertiary amines as electron 
donors. These amines with bulky substituent 
groups may be expected to exert a_ great 
steric hindrance in the case of the molecular 
complex formation. Further it was shown 
that the plots of JH’s against o*’s (Hammett’s 
substituent constant) fit the straight line, 
except for those of the iodine complexes 
With triethylamine, tri-n-propylamine and tri- 
n-butylamine. With the aid of the spatial con- 
figuration derived from X-ray crystal analysis 
data for the trimethylamine-iodine complex, 
one could evaluate the three parameters (over- 
lap integral (s), exchange integral (5) and 
effective electron affinity (A)) which are 
necessary for explaining reasonably the rela- 
tion between the transition energies of the 
charge-transfer bands and the ionization poten- 
tials of electron donors. For example, the § 
values thus estimated were 2.09, 2.20 and 
2.32eV. for the complexes with primary, 
secondary and tertiary amines, respectively. 
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Studies on Pelletierine. I. Isolation of Pelletierine from 
Pomegranate Root Bark* 


By Shigeru KUWATA 


(Received November 28. 1959) 


Pelletierine, an alkaloid which was found in 
pomegranate bark together with isopelletierine, 
methylisopelletierine and  pseudopelletierine, 
and long regarded as the most anthelmintic 
component of the bark-extracts, was assigned 
the structure 3-(2-piperidyl)-propionaldehyde 
by Hess and Eichel already in 1917. But no 
one has been able to succeed in the synthesis 
of this compound in spite of its very simple 
structure. This fact has been shedding some 
doubt upon the reliability of this structure. 

According to Hess and Eichel, pelletierine 
is stable to oxidation and the corresponding 
propionic acid has never been obtained by the 
‘action of chromic acid in sulfuric acid, while 
part of the base is recovered unchanged and 
the rest is decomposed under the liberation of 
ammonia. From general properties of primary 
alcohol it will be expected that, when 3-(2- 
piperidyl)-l-propanol is oxidized with chromic 
acid, the corresponding aldehyde would be 
formed at least at the first oxidation step, and 
if this aldehyde is pelletierine as has been 
assumed, this may not be oxidizable further 
and must be isolated from the oxidation pro- 
ducts. In order to scrutinize this idea, 3-(2- 
piperidyl)-l-propanol, which was prepared in 
the scheme of Eq. 1 or 2, was treated with 
chromic acid. This material, on being oxidized 
with chromic acid just sufficient to convert it 
into the aldehyde, gave no product correspond- 


Equation | 


N- CH N-*- CH.CH(OH)CCI, 
(1) Il) 


N- CH-CH(OH)COOH N’ CH=CHCOOH 
(11) IV) 


N CH,CH:CH:OH 
H 


(V) (VIL) 


N- CH-CHCOOC.H 


This work was partly presented at the 10th and IIth 
Annual Meetings of the Chemical Society of Japan, April 
6, 1957 and April 5, 1958 

1) K. Hess and A. Eichel, Ber., 50, 1192 (1917). 


Equation 2 


N’SCH:LI 


N- > CH:CH.CH.OH 
H 


(VI) Vil) 


N~’ CH.CH:»CH:OH 


ing to the aldehyde either at room temperature 
or at a higher one. By more drastic conditions 
using excess chromic acid, a colorless crystal- 
line product was isolated as_ hydrochloride, 
which proved to be 3-(2-piperidy!)-propionic 
acid hydrochloride. These results show ap- 
parently that it is very difficult to assign the 
aldehyde structure to pelletierine. 

The alternatively suggested structure for this 
alkaloid is 1-(2-piperidyl)-2-propanone, i.e., 
isopelletierine’~ >. For instance, Galinovsky 
and Vogl*’, or Wibaut and Hirschel? asserted 
the identity of pelletierine with isopelletierine 
by comparing the derivatives of both com- 
pounds. 

But it should be 
tion of pelletierine, the 
material for these discussions, has never been 
attempted by tracing the reports of Hess and 
Eichel as closely as possible, and its physical 
properties or chemical behaviors have never 
been re-examined. Therefore one has been 
compelled to rely on their reports regarding 
the properties of this alkaloid. On re-examin- 
ing their reports, however, 
are found unacceptable in some respects. For 
instance, constants of isopelletierine and its 
derivatives used for the comparison with those 
of pelletierine and its derivatives» are con- 
siderably different from those given later by 


the isola- 
important 


mentioned that 
most 


a few descriptions 


2) F. Galinovsky and O. Vogl, Monatsh., 83, 1055 (1952) 

3) F. Galinovsky and R. Hollinger, ibid., 85, 1012 
(1954). 

4) O. Vogl and G. Bianchetti, ibid., 86, 1024 (1955). 

5) J. P. Wibaut et al., Rec. trav. chim., 73, 102 (1954). 

6) J. P. Wibaut and U. Hollstein, Konincl. Ned. Akad. 
Wetenshap., Proc. Ser., B59, 426 (1956): Chem. Abstr., 51, 
113641 (1957). 

7) J. P. Wibaut and M. I. 
75, 225 (1956) 

8) K. Hess and A. Eichel, Ber., 50, 1386 (1917). 


Hirschel, Rec. trav. chim., 
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Hess himself’? or by other researchers!” 

In order to compare pelletierine with iso- 
pelletierine decidedly, it will be most necessary 
to isolate the same sample of pelletierine as 
that which was obtained by Hess, and to re- 
examine its properties in the first step. There- 
fore the tracing of the Hess’ experiment by 
using 60kg. of powder of pomegranate root 
bark was attempted. The method of isolation 
was essentially the same as that which had 
been adopted by Hess and Eichel*’'-’, and 
“ pelletierine ’ was isolated in the form of 
urethane, having the same boiling point (b. p. 
164~166°C at 20 mmHg; lit.’ b. p. 169~170°C 
at 21mmHg). In this method, some _pro- 
cedures were modified with the same results, 
and these could be confirmed by the _ pre- 
liminaly paper chromatographic test. 

3-(2-Piperidyl)-propionaldehyde urethane and 
isopelletierine urethane, the partners for the 
comparison, were prepared according to Egs. 
3 and 4, respectively. 


Equation 3 


N’ CH; N’ -CH3Li 
(1) 


N’ CH:CH.CH(OC;H 
(VIII) 


N CH:CH:2CH(OC;>H;): 


H 
(IX) 
N CH:2CH:CH(OC:H:): N CH.CH.CHO 
COOC.H COOC_H 
(X) XI) 


Equation 4 


N*’ CH N’ CH.-Li 


N CH:CH(OH)CH N CH.CH(OH)CH 
H 


(XII XIII) 


N \CH:COCH N CH:COCH 


H COOC.H 
(XIV) XV 
9) K. Hess and O. Littmann, Ann., 494, 7 (1932 
10) J. Meisenheimer and E. Mahler, ibid., 462, 301 (1928). 
11) P. 1. Mortimer and W. Wilkinson /, Chem. § 


1957, 3967 
12) Another method of isolating pelletierine was also 
reported by Hess, Ber., 52, 1005 (1919 
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Now, “ pelletierine urethane ”, thus obtained 
from natural sources, was compared with the 
synthetic samples of 3-(2-piperidy!)-propional- 
dehyde urethane and isopelletierine urethane. 

TABLE I. PHYSICAL CONSTANTS OF THE 
THREE URETHANES 
B.p., < 
mmHg 
122~124 1.4792 


Urethane "Dp 


w 


-(2-Piperidyl! )-propional- 


dehyde urethane i 
1-(2-Piperidyl)-2-propanone 131~132 1.4715 
3.5 


urethane 
Pelletierine urethane from 131~131.5 1.4711 


natural sources 3.3 
100; 
| 
50} 
‘ 
} No. |! 
eA 
7) 
= No. 2 
= fv 
r/ 
a 


Wavelength, 
Fig. 1. I.R. of three urethanes. 
No. 1: 3-(2-Piperidyl)-propionaldehyde 
urethane 
No. 2: Pelletierine urethane from natural 
sources 
No. 3: 1-(2-Piperidyl)-2-propanone 
urethane 


The physical constants of these urethanes 
are listed in Table I. 

From Table I, it may be recognized that the 
constants of urethane of pelletierine isolated 
from natural sources agree well with those of 
isopelletierine urethane but not with those of 
3-(2-piperidyl)-propionaldehyde urethane. 

In Fig. 1, in which the infrared spectra of 
these three urethanes are shown, the spectrum 
of pelletierine urethane agrees well with that 
of isopelletierine urethane’, and not with 
that of 3-(2-piperidyl)-propionaldehyde ure- 
thane. It is remarkable that it never shows 


13) This result agrees with the one obtained using 
hydrobromide by J. P. Wibaut and M. I. Hirschel: Ref. 7. 
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peaks at 2700cm™~' and 1710 cm 
ing to the aldehyde group. Further, these 
peaks are recognizable in the spectrum of 
neither the fore-running nor the after-running 
of “ pelletierine urethane ™. 

This fact that, in this 
compounds having the 
never contained amount. 
This may bea decided bit of evidence for the 


absence of 3-(2-piperidyl)-propionaldehyde in 


correspond- 


shows sample, the 


aldehyde group are 


even in a small 


the pomegranate bark. 
Thus, from the above mentioned points, the 
author that what has been named 


pelletierine is nothing but isopelletierine. 


. * | > 
conceit des 


Experimental 





1, t, 1-Trichloro-2-hydroxy-3-(2-pyridyl)- propane 
lI | 2-Picoline (1) (93g and anhydrous 
chloral (14g.) were heated in amyl- or butylacetate 
310g.) for 11~1l2hr. at 120~130 C according to 
Einhorn’ The product formed into colorless 
needie crystals (from ethanol); m.p. 201~202-C 
decomp lit 201~202 C (decomp.)). The 
vield was 4025. 

2) Excess I (1000cc.) and anhydrous chloral 
500 g.) were heated to 110~113 C for 40hr. ac- 
cording to Tullock and McEl!lvain’». The same 
compound as the above was obtained in 65%, yield. 


3-(2-Pyridyl)-lactic Acid (I11).—-The compound 
Il was hydrolysed with sodium carbonate as described 


by Einhorn’. HIf formed into colorless prismatic 
crystals, m.p. 124~125-C (from ethanol lit. 
m.p. 124~125-€ The yield was 80 


3-(2-Pyridyl)-acrylic Acid (1V).—-1 If was 
dehydrated as described by Einhorn'?. IV formed 
into colorless needles. m. p. 204~205 C (decomp.) 


(lit.'4) m. p. 204~205 C (decomp. The yield was 


81 

2) The same compound was obtained from II 
according to the method of King! with some 
modifications. 

A solution of If (341 g.) in ethanol (1100cc.) 


was added dropwise with stirring during Shr. toa 
boiling solution of potassium hydroxide (408 g.) in 
ethanol (2600 cc. After potassium chloride was 
filtered off, the filtrate was dried up and kept at 
75~79 C at 11~1l2mmHg for 24hr. The 
obtained was dissolved in water and acidified to 
pH 4 with hydrochloric acid. The precipitate, 
after being collected and washed with water, gave 
the acid IV. The yield was 163g. 

Ethy! 3-(2-pyridyl)-acrylate (V).— The acid IV 
was eSterified in 67% yield as described in the 
literature’; b. p.yg 152.5~153 C3 b. pwr 143~147-C 
(lit) b. pay 142~145°C). 

3-(2-Pyridyl)-1-propanol (VI).—2-Picoly! lithium 
prepared from I (23 g.) and phenyl lithium, which 
was, in turn, prepared from phenyl bromide (40 g.) 
and lithium in dry ether (200cc.), was 
condensed with ethylene oxide (10g.) as described 


wait 
Cane 


(3.3.g.) 


14) A. Einhorn, Ann., 265, 208 (1891 

1S) C. W. Tullock and S. M. McElvain, J. Am. Chem. 
Soc., 61, 961 (1939). 

16) J. A. King et al., J. Org. Chem., 16, 1100 (1951). 
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in Org. Synth 
116~118 °C 


b. p.z 128~131 C 
The yield was 3225. 
3-(2-Piperidy!)-1-propanol (VII).—1) The ester 
V was reduced in 28% yield with metallic sodium 
according to Tullock and McElvain 
Replacing ethanol with cyclohexanol gave the same 
varying the yield of the reduction 
102~105-C (lit. b. p.3 102~105 *¢ 
alcohol VI (21.5g.) in (10 ce. 
over Raney nickel (ca. 0.2 g.) at 
130~140-C with hydrogen at an initial pressure of 
Okg./cm? for about 4hr.; b.p.; 121~125°C, ag 
4866 (lit Np 1.4863). The yield was 14 g. 
Oxidation of VII with Chromic Acid.—-/) Mild 


and ethanol 


result without 
product: b. p 
2) The 


was hydrogenated 


dioxane 





Oxidation.—To the propanol VII (8.6 g., 0.06 mol. 
1 glacial acetic acid (80cc was added chromic 
icid (4 0.04 mol. —0.06 equivalent of O) in water 
4ce.) dropwise with stirring at room temperature 
30°C). then stirred for 2 hr. more at this tempera- 
ture. No change of color was observed during this 






The | 7 
and at about 80 -€ 
After being stirred for 10min. at 
at 50°C, the acetic 


residue was dissolved 


period. ath temperature was gradually raised, 
the color prompily turned green. 
80 C and 2hr. 
acid was evaporated. Then the 
in water, made alkaline with 


1en a considerable amount of 





sodium hydroxide 


tarry material, which dissolved neither in ether nor 
rated and the aqueous solution 


In Water, Was sep 


Was extracted with ether. After drying, the ether 
extract was distilled in the stream of hydrogen 


oressure. There was obtained 1.7 g. 
b. p.oy 143~145-C, and its re- 
fractive index (7p 1.4848) was found to be the 

The residue 


of the starting material. 
oil-bath at 


under reduced 


of the 


ines ‘ 
fraction oO 


same as that 
_ = 


(2.7g.) could not be distilled in an 
250 C under a pressure of 5mmHg. No fore-run- 


ning fraction, the boiling point of which corresponds 
to that of pelletierine could be recognized. 

2) Violent Oxidation. —The propanol VII (4g.) 
was added dropwise to a mixture of chromic acid 
(4g.), concentrated sulfuric acid (16g.) and water 
(S0cc.) with shaking. A considerable amount of 
heat was evolved and the color immediately turned 
green. Then it was heated with occasional shaking 
for lhr. at 90~100 C. After the inorganic ions were 
removed by the method of Koenig and Hoppe! 
the aqueous solution was acidified with hydrochloric 
acid, decolorized and concentrated to dryness. An 

the residue was evaporated in 
syrupy residue were separated 
needle crystals after being allowed to stand in a 
refrigerator overnight. The crystals were filtered 
from extremely viscous liquid, washed thoroughly 
with ethanol and recrystallized from ethanol. The 

186~187 C 
and were not depressed by admixture with an 
authentic sample of 3-(2-piperidyl)-propionic acid 
hydrochloride. 

1, 1-Diethoxy-3-(2-pyridyl)-propane (VIII).—-Ac- 
cording to Spielman et al.-°? VIIL was synthesized 


alcoholic extract of 
vacuo. From the 


needle crystals thus obiained melted at 


7) L. A. Walter, ** Organic Syntheses” 23, 83 (1943). 
18) R. R. Burtner and J. M. Brown, J. Am. Chem. Soc., 
69, 631 (1947). 


19) W. Koenig and G. Hoppe, Ber., 35, 1348 (1902); 36, 
2906 (1903 
20) M. A. Spielman et al., J. Org. Chem., 6, 780 (1941). 
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with the reaction of lithium and bromo- 
acetal, which was prepared by the method of Org. 
Synth.-); b.p.z 128~129°C (lit. b.p.s 128°C). 
The yield was 15°, (based on lithium 

1, 1-Diethoxy-3-(2-piperidyl)-propane (IX).—The 
tal VIET (30g.) in ethanol (200cc.) was hydro- 
genated over Raney nickel (ca. 5g.) at 130~140°C 
with hydrogen at an initial pressure of 105 kg./cm? 
for about 2hr.; b. p.« 11I7~120-C, np 1.4540 (lit.* 
b. p.. 101~106°C, b. p.; 91~92-C, np 1.4568). The 
vield was 20g. 

N-Ethoxycarbonyl-1, 1-diethoxy-3-(2-piperidyl)- 
propane(X The acetal IX was converted into its 
urethane with ethyl chloroformate and sodium 
hydroxide by Spielman’s method*%; b. p. 152~ 
156 C. np 1.4612 (lit.%  b. 146~147°C, ng 
1.4580 The yield was 74 

N- Ethoxycarbony] - 3 -(2- piperidy!)-propionalde- 
hyde (XI).—The acetal X was hydrolyzed in 95¢ 
acetic acid by Spielman’s me 2. 
124°C, ng 1.4792 (lit.* b. p 119~121°C, ng 
1.477 The yield was 6925. 

1-(2-Pyridyl)-2-propanol (XII).— According to 
Org. Synth. the propanol XII was prepared by 
the condensation of acetaldehyde with 2-picolyl 
lithium; b.p. 114~119-€ lit. b. p.1 
117 C). The vield was 56%, based on I 

i-(2-Piperidyl)-2-propanol (XIII The propanol 
XII (184.5 g.) in dioxane (100 cc.) was hydrogenated 
over Raney nickel (ca. 12 g.) at 130°C with hydrogen 
at an initial pressure of 120 kg. cm? for 3 hr.; b.p. 


108~113-C (lit. b. p 115~120°C). The yield 


t 


ee 
2-picolyl 





p- 


hod-"'; b.p 122~ 





116~ 


was 158.5 g. 
1 -(2-Piperidyl)- 2 - propanone (Isopelletierine) 
(XIV The propanol XIII (11.4g.) was oxidized 
to isopelletierine with chromic anhydride (6g.) in 
glacial acetic acid (80cc.) by the method of Meisen- 
heimer and Mahler™®. The fraction distilling below 
105-C at 15 mmHg was collected (8g.). Rectifica- 
tion yielded the fraction of b.p.; 79~80°C, b. p.2: 
101.2°C, ng 1.4661, dj 0.9587 (lit. b. p.ry 86°C 
b. p.rg 9I~92-C%, ng 1.46687%, dz’ 0.9624). 
Found: N, 10.05. Caled. for CsH;,ON: N, 
9.92%. 
Hydrobromide ; 
m.p. 139~140°C (lit. m. p. 
Picrate;: yellow needles (from ethanol), m. p. 
151.5~152°C (lit. m. p. 148~149-C, 149~150°C!), 
N - Ethoxycarbony|-1-(2- piperidy!)-2-propanone 
(XV).—The pure isopelletierine, obtained by treat- 
ing the pure hydrobromide with sodium hydroxide 
and rectifying the free base, was treated with ethyl 
chloroformate in the presence of sodium hydroxide 
method ; colorless liquid, 
165~166°C, ny 1.4715. 
for C,H ~O;3N: N, 


from acetone), 


7 138°C')), 


colorless needles 


by the usual viscous 
b. p.3.; 131~132°C, b. p.2 
Found: N, 6.60. Caled. 
6.57 
** Pelletierine 
The samples of the pomegranae bark used in this 


.°” 


experiment were as follows: 

Powder of Pomegranate Root Bark (Sample 1): 
Gathered at the north-bank of the River Yoshino, 
in Tokushima Prefecture, Japan; dried for several 
days and ground to fine powder. 


21) S. M. McElvain and D. Kundiger, Organic Syntheses, 
23, 8 (1943). 
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Powder of Pomegranate Root (Sample II).—From 
the pomegranate cultured in this laboratory; used 
immediately after gathering. 

Powder of Pomegranate 
Purchased from drug store; 
was unknown. 

Preparation of the Sample for Paper-chro- 
matography.—/) Method of Wibaut et al. 
Sample (common to J, II and IIL) was boiled with 
methanol, filtered and methanol was distilled off 
under diminished pressure. 
warmed with 10°, hydrochloric acid at about 60°C 
and filtered. The filtrate was washed with chloro- 
form and, after alkalifying with sodium hydroxide 
extracted with chloroform. 
with 10 
layer was condensed under reduced pressure. 

Z Hydrochloric icid- Methanol Extraction. 
Sample was boiled with methanol containing hydro- 


Bark 


when it was gathered 


(Sample [il 


The residue was 


The extract was shaken 


hydrochloric acid again, then the aqueous 


chloric acid. filtered and condensed under reduced 
pressure. The syrup thus obtained was extracted 


hydrochloric acid and treated as above 


The mixture 


with 10 

3) Method of Hess and Eichel*.**. 
of sample and sodium hydroxide solution was 
placed in Soxhlet’s apparatus and extracted with 
ether. The ethet 


hydrochloric acid and the hydrochloric 


extract was treated with 10 
acid extract 
was condensed. 

Chromatography. — Paper : Toyo filter paper 
No. 50 for chromatography 


stand over 24hr. with saturated \ apor of developer 


(paper was allowed to 


before use 
De vel pel 

acid: water 

layer of the mixture was used as developer 
Method of Development.—Descending method 
Colorizing Agent Dragendorf’s resgent 


The experimental results are shown in Table Il 


n-Butyl alcohol: con. hydrochloric 


100:8: 


‘Ca. the upp 


20 (in volume le upper 


TABLE If. RESULTS OF PAPER CHROMATOGRAPHIE 
ANALYSES 
st | ' 
Sample Method of R 
; preparation 
I l 0.37 0.45 0.57 
I Zz 0.37 0.46 
l 3 0 39 0.46 
II 1 0.39 0.49 
Ill l 0.35 0.42 
Root bark 0.16 0.34 0.43 
Pseudopelletierine 0.32~0.34 


0.41~0.45 
0.48~0.53 


dl-Methylisopelletierine 


di-Isopelletierine 


Isolation of Pelletierine. — Sixty kg. of sample 
I was extracted by boiling methanol three times, 
each for 10hr. The extracts were 
to syrup and warmed for some time with 10%, hy- 
drochloric acid on 60°C and filtered from resinous 
material. The filtrate was washed with chloroform, 
the residual aqueous layer was made alkaline with 


condensed 


Instead of hydroxide and chloroform, 


sodium hydroxide and ether were used, respectively. 


calcium 








1672 Shigeru KUWATA 


sodium hydroxide and extracted with chloroform. 
The chloroform extract was treated with 10% 
hydrochloric acid, the aqueous solution was, after 
condensing, dried up in a desiccator, and thus the 
mixture of alkaloidhydrochlorides was obtained. 
The yield was 160g. This hydrochloride was dis- 
solved in water, and after weakly alkalifying with 
aqueous sodium bicarbonate solution, extracted 
with ether. From this ether extract pseudopel- 
letierine was obtainable. The aqueous solution 
was strongly alkalified with sodium hydroxide and 
extracted with ether repeatedly until the ether layer 
became colorless. After drying with sodium 
hydroxide and distilling off the solvent, the ether 
extract was distilled under reduced pressure in the 
atmosphere of hydrogen, then the fraction of i02~ 
113 C at 20 mmHg was collected. The yield was 
64.1g. (The greater part of this fraction was 
distilled at 104~105°-C at 20mmHg, and, when 
rectified, the liquid of b.p.5 86~86.2 C and ny 
1.4665 was obtained. During distillation in the 
atmosphere of hydrogen, this liquid kept completely 
colorless, but it became pink at once when it was 
allowed to make a contact with air, and then 
turned dark red in time). 


The mixture of the fraction of b. p.2, 102~113°C 
(31.9g.), sodium hydroxide (45g.) and water (160 
cc.) was stirred and cooled below 10°C. To this 


(36g.) was added 
gradually. The reaction product was extracted with 
ether and the extract dried with sodium hydroxide 


suspension, ethyl chloroformate 
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freed from the solvent, and distilled under reduced 
pressure; thus the fraction which boils at 164~ 
166°C at 19mmHg was obtained (lit. b. p.o,; 169~ 
170°C). The yield was 13.3g. After rectification, 
viscous colorless liquid of b. p.3.; 131~131.5°C and 
ny 1.4711 was obtained. 

Infrared Absorption Spectra. —- These measure- 
ments were taken with a Perkin-Elmer spectrophoto- 
meter, Model 21 with sodium chloride prism). 

Phase: liquid 

Thickness: ca. 0.01 mm. 
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II. On the Structure of the So-called 


Pelletierine Proposed by Hess*** 


By Sigeru KUWATA 


(Received January 6, 1960) 


As reported in the previous paper’, the 
author has isolated pelletierine by tracing the 
same method as that of Hess and Eichel and 
has compared it with synthetic samples of 
3-(2-piperidyl)-propionaldehyde and 1-(2- 
piperidyl)-2-propanone in the form of urethane, 
as the result of which he has reached the con- 
clusion that pelletierine is the same as _ iso- 
pelletierine, 1-(2-piperidyl)-2-propanone. 

But the problem remains that the chemical 
reactions of pelletetierine, on the basis of 


This work was partly presented at the 12th Annual 
Meeting of the Chemical Society of Japan, April 4, 1959. 
Immediately before the publication of this paper, 
the author received a publication of the J. Am. Chem. 
Soc., in which R. L. Augustine reported the rearrangement 
of isopelletierine-oxime obtaining the same results; ibid., 
81, 4664 (1959). 
1) S. Kuwata, This Bulletin, 33, 1668 (1960). 


which Hess and Eichel have assigned to it 
the structure of 3-(2-piperidyl)-propionalde- 
hyde, should be explained with isopelletierine. 

The most important reactions used by them 
for the determination of the structure of pel- 
letierine were the following two”?: 


' ; ; H.NNH 
1) CsH,;,ON (pelletierine) > 


E:tONa ‘ ; 
» C.Hi;N (coniine) 


H.NOH 


C3H:;N; 


tv 


C.H,;;ON (pelletierine) 


C.H,,ON; ©" CHUN: (D 


KOH-EtOH, HCI-EtOH 
» the compound II, 


assumed to be ethyl 3-(2-piperidyl)- 
propionate hydrochloride 


2) K. Hess and A. Eichel, Ber., 50, 1192 (1917). 
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Assigning the aldehyde structure to pelletie- 
rine, they have explained these reactions as 
follows: 


H.»NNH 


CH.CH:,CHO 


= Z 


EtONa 


\SN- CH.CH.CH-NNH, 


N CH,CH:;CH 


H 
4) H NOH 

N CH.CH.CHO 

H 

PC! 

N ~CH.CH.CH-NOH 

H 

é KOH-EtOH, HCI-EtOH 

\N- -CH2CH:CN 

H 


N- CH.,CH.COOC:H;- HC! 
H 


In reaction 1, the aldehyde may be replace- 
able by the ketone (isopelletierine) with the 
same final reaction product: 


i . H NNH 
\N’*\CH,COCH . 
H 
‘ EtONa 
N CH.C(=NNH.)CH N CH:CH.CH; 


But in reaction 2, the product will be en- 

tirely different according to the structure of 

the starting material. Although the production 

of nitrile is expected from the aldehyde, from 

the ketone the amide III or IV will be obtain- 
able by the Beckmann rearrangement: 


H.NOH 
N-~CH.COCH 
H 
PCI; 
N- CH:C(=NOH)CH 
H 


N- CH:CONHCH,; (III 


4™N 


N~ CH:NHCOCHs; (IV) 
H 


or 
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Then, if the compound I is nitrile, as Hess 
has evaluated, the reaction must involve a 
skeietal rearrangement which has never been 
observed hitherto. Or if Hess’ evaluation is 
incorrect, the question as to what structure 
should be assigned to it remains. 

In order to clarify these situations the 
author has traced reaction 
tierine-oxime under the same conditions de- 
scribed by Hess. Thus _ isopelletierine-oxime 
was treated with freshly sublimed phosphorus 
pentachloride in _ phenetole. The reaction 
proceeded, as described in the literature~?, with 
remarkable evolution of heat, and a brown 
syrupy material was produced, from which, 
after rectification, the compound which boiled 
at 104~106°C at 15 mmHg was. obtained. 
When it was purified through picrate, a color- 
less liquid, boiling at 102~103-C at 10 mmHg, 
was obtained. This material showed complete 
agreement with the compound I that Hess and 
Eichel had obtained from  pelletierine-oxime ; 
the comparison between the two is shown in 


Table I. 


e 
2 using isopelle- 


TABLE I. THE PROPERTIES OF THE COMPOUNDS 
OBTAINED FROM THE REACTION OF OXIMI 
AND RHOSPHORUS PENTOXIDI 


Oxime Molecular B. p., “¢ M. p. of 
formula (mmHg) picrate, € 
Isopelletierine- C.HisN, 104~106(15)  174~175 


102~103(10)* 


105~108 (15) 
104~106(15)* 


* Purified through picrate. 


oxime 


CHiN: 175~176 


Pelletierine- 
oxime* 


Thus it was ascertained that the reaction is 
reproducible with isopelletierine. 

This compound I cannot be nitrile, for its 
infrared spectrum shows no absorption between 
404 and: 5.04. It is also certain from 
analytical data that this compound I is neither 
the amide III nor IV, though the most pro- 
bable reaction in this case may be the 
Beckmann rearrangement. On comparing the 
two formulae, CsHi,;N. of the compound I, 
and C;H,;;ON. of the amide, it will be easily 
seen that the difference is just one molecule 
of water. This fact may allow one to suppose 
that the compound | may be producible by 
intramolecular dehydration of the amide, 
produced by the Beckmann rearrangement of 
the keto-oxime. Such a dehydration is difficult 
sterically with formula III, but with formula 
IV, the following ring closure may be brought 
on: 


A 


H.O ‘di 
N -CH: N’ -CH 
H 
CH,CONH CH,C=N 
(IV (V) 
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An analogous dehydration has been illus- 
trated, in fact, with o-aminobenzophenone- 
oxime, which provides benzenylphenyleneami- 
dine by the Beckmann rearrangement according 
to the following scheme”: 


C-Ph uc! 
NH. NOH 
NH, HO-C-Ph NH 
N C-Ph 


For the purpose of confirming the correct- 
ness of this assumption, 2-acetamidomethyl- 
piperidine (IV) was synthesized by another 
route, and its dehydrative cyclization was 
attempted by treating it with phosphorus 
oxychloride, according to the method of 
Bower’? (Eq. 1). 


Eq. | 
N**CH N*-CH N CH:OCOCH, 
O 
(VIT) (VIII) 
N’ CH:OH N’ CH.Cl 
(1X) (X) 
co. A > 
N’ CH.N N- CH.NH.,.-2HBr 
co \Z 
(XI) XII) 
N- CH.NHCOCH 
(X11) 
y, 
N CH:NHCOCH N 
H 
CH;C=N 
(IV) (V) 
The compound V thus obtained boiled at 


103~106°C at 11 mmHg and its picrate melted 
at 174~175-C. This was never depressed when 
it was mixed with the picrate of I. The 
identity of both picrates was also confirmed by 
the Debye-Scherrer diagram. 

From these results, the author thinks that 
the real structure of the compound I, to which 
Hess and Eichel assigned 3-(2-piperidy|)-pro- 
pionitrile, should be represented by V, and 
the reaction should be explained as shown in 
the following scheme: 


3) J. Meisenheimer and H. Meis, Ber., 57, 289 (1924) 
4) J. D. Bower and R. G. Ramage, J. Chem. Soc., 1955, 
2834. 
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N~*CH2C(=NOH)CH 
H 
F ia 
N’*CH:NHCOCH \N 
H 
CH;C=N 
An alternative structure (VI), how- 
N 
CH.=-C—NH 


ever, may also be assumable for the compound 
I, because such a structure, having the terminal 
vinyl group, can be seen in some cases as a- 
fenchene from methyl-a-fenchocamphorol by 
intramolecular dehydration 


on 
CH, 


However, on treating the compound I with 
ozone, no formaldehyde can be detected, so 
structure V, and not VI, should be assigned 
to this compound. The fact that its near 
infrared spectrum shows no absorption at ca. 
1640mr and ca. 2130my corresponding to 
CH.-C<, may also support this conclusion. 

Another proof of structure V for this sub- 
stance was also found in another way. When 
this compound was reduced catalytically, a 
colorless liquid, b. p.13 85~100°C, which gave 
crystalline styphnate of m.p. 183~185°C, was 
obtained. This compound proved identical, by 
the mixed melting point of both the styphnates, 
with 2-methyl-1, 3-diazabicyclo|4:3:0]-nonane 
obtained by reducing 3-methy]-2 ; 3a-diazaindene 
catalytically. 

The compound V was also found to be 
producible when  2-acetamidomethylpyridine 
was hydrogenated in ethanol at 130~150°C 
over Raney nickel, the reaction of which would 
probably be represented by the scheme: 


N- CH.:NHCOCH 


N~- CH.NHCOCH N 
H 
CH;C=N 
This fact may be a proof that N-acetamido- 
methylpiperidine can be easily cyclized into 
the bicyclic compound V. The relationship 
among these bicyclic compounds will be shown 


diagramatically as follows. 
5) J. L. Simonsen, *‘The Terpenes’’, Vol. tI, Cam- 
bridge University Press (1949), p. 540. 

6) Private communication from Mr. M. Nishikawa of the 
Research Laboratory, Takeda Pharmaceutical Industries, 
Ltd.; cf. R. H. Holman, Anal. Chem., 28, 1533 (1956); W. 
Kaye, Spectrochimica Acta, 6, 257 (1954). 


te 
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POC! y PC! 
N“ CH:NHCOCH, (IV) N N’->CH:C(=NOH)CH 
H H 
T CH;C=N 
H : 
H 
N?\CH:NHCOCH; (XIII)  39~150°C " 
POC! 
(XIV) oe (XV) 
N 170°C N 
CH;,C=N CH;CH-NH 


Hess and Eichel treated their “ nitrile ”, the 
compound I, with alcoholic potash, then with 
alcoholic hydrochloric acid, and obtained the 
compound II, which they believed to be 
ethyl 3-(2-piperidyl)-propionate hydrochloride 
on the basis of its analytical data and the 
comparison of the melting points of both the 
compounds as well as their gold salts. On 
re-examining their description, one will see 
that these evidences have some weak points. 
It is true that analytical data given by them, 
C, 54.39; H, 9.10, agree well with those for 
the ester hydrochloride (C, 54.10; H, 9.08), 
but, those of N and Cl are not given by 
them. The comparison between the melting 
points is also not decisive, because it is not 
dependent on the mixed melting point method. 
From these situations it seems necessary to 
re-examine the nature of the hydrolysis product 
obtained by Hess and Eichel from. their 
~ nitrile ”. 

Thus the author wanted to trace their ex- 
periments as accurately as possible, but their 
description of the reaction conditions is not 
so definite. They state, “Das Nitril wurde 
mit einer S5-prozentigen alkoholischen Kalium- 
hydroxydlésung kurze Zeit auf dem Wasserbade 
erwarmt” and “1 Stunde mit alkoholischer 
Salzsiure gekocht.” In alkali treatment, the 
volume of alkali solution, the temperature and 
the reaction time, and in acid treatment the 
concentration of hydrochloric acid and _ its 
volume, are not definite. Thus the reaction was 
carried out by varying the conditions, and 
various results were obtained, which are sum- 
marized in Table II]. Unfortunately in all these 
cases no crystalline product corresponding to 
Hess’ “ethyl 3 (2-piperidyl)-propionate hydro- 
chloride ” could be isolated, but in one case 
yellow crystalline gold salt (m.p. about 90~ 
95°C, C, 18.51; H, 3.00; Au, 48.40) was 
obtained from the semisolid hydrolyzate. On 


recrystallization it gave red needles (m.p. 
about 120°C, C, 22.30; H, 3.34; Au, 47.05), 
which seemed to resemble the gold salt of 


ethyl 3-(2-piperidyl)-propionate hydrochloride 
(m.p’ 128°C, C, 22.87; H, 3.84), as far as 


point and contents of C 
but it was quite ap- 


the melting 
and H were concerned, 
parent from the difference in color (the 
authentic sample of the gold salt of ethyl 
3-(2-piperidyl)-propionate hydrochloride is 
yellow) as well as from the Au-contents that 
the two compounds were not identical. Though 
it is impossible to decide, however, whether 
the gold salt obtained here was the same com- 
pound as Hess and Eichel have isolated, be- 
cause they have never reported the nature of 
their compound except its melting point, it 
may be said at least that by treating the com- 


pound I according to their method, a gold 
salt resembling the one reported by them is 
obtainable. 


been described 
that he can 


_On the grounds which have 
hitherto, the author believes 


deduce the conclusion that pelletierine, to 
which Hess and Eichel have assigned the 
structure 3-(2-piperidyl)-propionaldehyde, is 


nothing but isopelletierine, 1-(2-piperidy])-2- 
propanone. By this conclusion can easily be 
solved many conflicts, arising from the assump- 
tion that pelletierine is 3-(2-piperidyl)-propion- 
aldehyde, e.g. a confilict that pelletierine is 
stable against oxidation, and can not be oxidized 
into 3-(2-piperidyl)-propionic acid with chromic 
acid, or aconfict that it can be isolable without 
any special care, though 3-(2-piperidy])-propion- 
aldehyde can not be synthesized by any method 
on account of its extreme instability. The 
reaction of pelletierine that Hess and Eichel 
used for the determination of the structure is 
also easily explainable with  isopelletierine, 
When 3-(2-piperidyl)-propionitrile is replaced 
by 2-methyl-1, 3-diazabicyclo [4:3 :0|-2-nonene 
(V) with. the same molecular formula. This 
conclusion also agrees with the finding by 
Wibaut and Hollstein? that 3-(2-piperidyl)- 
propionaldehyde has no anthelmintic activity, 
while  1-(2-piperidyl)-2-propanone  (isopelle- 
tierine) is strongly anthelmintic. 


7) J. P. Wibaut and U. Hollstein, Konincl. Ned. Akad. 
Wetenschap., Proc. Ser., BS9, 426 (1956); Chem. Abstr., 51, 
11364i (1957). 
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Experimental 


To the solution of NH-OH 
(20 g.) in water (40cc.) 


Isopelletierine-oxime. 
-HCI (20g.) and NaOAc 
was added isopelletierine (16g.) in methanol (18 
cc.). After standing at room temperature over- 
night, the solution was made alkaline with sodium 
hydroxide and was extracted withether. After drying 
and distilling off the solvent, the residue (colorless 
97~99 C) was distilled under 
148~152-C (lit.* 


The yield was 12.5 g. 


needle crystals, m. p. 
reduced pressure: b.p.; b. p.2 
134-C, b. p.s.5 146°C). After 
boiling the viscous distillate with petroleum ether 
and cooling, needle crystals were separated; m. p. 
105~106°C (fromether). (As to the melting points 
for the two isomers, Mortimer et al.*’ have reported 
105.5-C and 90 C, while and Ejichel*) have 
reported 96~97 C and 80 C for pelletierine-oxime. 
The author used the higher melting isomer for the 
next reaction because it was also the higher one 
that and Eichel had used for the reaction 
with phosphorus pentachloride 

The Reaction of Isopelletierine-oxime with Phos- 
phorus Pentachloride.—-According to a method just 
the same as Hess and Eichel’s*), isopelletierine-oxime 
(m. p. 105~106 C) (4.4g.) was dissolved into freshly 
rectified anhydrous hot phenetole (10 cc.) and cooled 
to about 35~40 C, and this solution was 
dropwise into a phenetole (30 cc.) solution of freshly 
sublimed phosphorus pentachloride (9g.). At the 
beginning, the oxime precipitated gelatinously, but 
after some time it turned into a dark brown mass 
with violent evolution of aud hydrochloric 
gas, and precipitated to the bottom. After 
several hours, phenetole was distilled off under 
reduced pressure at the temperature of 70~85-C, 
and the residue was dissolved in water while cooling. 
After the removal of residual phenetole by extrac- 
tion with ether, the solution made alkaline 
with sodium hydroxide and extracted with ether. The 
ether extract was dried with potasstum hydroxide, 


Hess 


Hess 


added 


heai 


acid 


Was 


freed from ether and distilled under diminished 
pressure. Thus the fraction boiling at 104~106°C 
at 15 mmHg was gathered. The yield was 1.2 g. 


After being converted into picrate, recrystallized and 
regenerated by sodium hydroxide the purified sample 
was obtained, boiling at 102~103 C at 10mmHg; 
ny 1.4973. 


Found: C, 68.83; H, 10.14; N, 19.17. Caled. 
for CsHiy,Nz: C, 69.52; H, 10.21; N, 20.27 
The error of the analysis would probably be 


attributable to the hygroscopicity of this material. 
Picrate : p. 174~175-C (from 
ethanol). 


yellow needles, m. 


Found: C, 45.82; H, 4.72; N, 18.88. Calcd. for 
Cy4H1;0O;N;: C,. 45.77; H, 4.67; N, 19.07 

2-Picoline N-Oxide (VIL).— The compound VII 
was obtained in 90%, yield from the reaction of 2- 
picoline and hydrogen peroxide in acetic acid by 
the method of Boekelheide’); b.p.., 146~148 C 


(lit. b. p.1; 123~124°C). 
8) P. I. Mortimer and S. Wilkinson, J. Chem. Soc., 
1957, 3967. 


9) V. Boekelheide and W. J. Linn, J. Am. Chem. Soc., 16, 
1286 (1954); cf. G. Kobayashi and S. Furukawa, Pharm. Bull. 
(Japan), 1, 347 (1953). 
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2-Pyridylmethanol Acetate (VIII).— The com- 
pound VII was converted into VIII in 792%, yield 
by the action of acetic anhydride according to 
Boekelheide® ; b. p.y, 117~119°C (lit. b. p.oo 11S~ 
118°C). 

2-PyridyImethanol (IX).—The acetate VIII 
hydrolyzed with 10%, hydrochloric acid in 70 
yield according to Kobayashi’ b. purr L18~121-C 
(lit! b. pig LLI~1IS-C) ; picrate, m. p. 160~161 °C 
(lit. m. p. 160.5~161°C 

2-Pyridyimethylchloride (X).— According to 
Itai’, X obtained by the reaction of the 
alcohol IX and phosphorus trichloride in 60%, yield ; 
b. por 87°C (lit. 70~80°C). 

2-PyridyImethylamine Hydrobromide (XII). 
The chloride X potassium phthalimide 
(50 g.) and dimethylformamide (300 cc.) were heated 
at 90~100-C for about Shr. in water bath. When 
water was added to the reaction product after 
removal of the solvent under reduced pressure, all 
the contents of the solidified (solid XI 
weighed 72g.) After washing thoroughly with 
water and dilute sodium carbonate solution, the 
solid was boiled for 2hr. with 482, HBr (300cc.) 
in oil-bath, and phthalic acid, which separated on 
cooling, was filtered off. Being decolorized and 
condensing the filtrate. 60g. of the crude XII was 
obtained. From 10g. of this salt, after treating 
with sodium hydroxide, extracting with chloroform 
and distilling the extract, 2.5g. of the free amine, 


was 


Was 
b. p. 


(35g.), 


vessel 


boiling at 81°C at S mmHg, was obtained (lit.4 
b. p.29 9S~98°C). 

2-Acetamidomethylpyridine (XI11).--To the mix- 
ture of XII (30g.) and 30%, sodium hydroxide 


solution (240 cc.), acetyl chloride (30 cc.) was added 
gradually with stirring, keeping the temperature 
below 20 C. The reaction product was extracted 
with chloroform, dried with sulfate and 
distilled under diminished b. p.s 145~ 


sodium 


pressure ; 


149°C (lit. b.p.; 160~163°C), np 1.5430; picrate, 

m.p. 169~170-C (Found: N, 18.147,). 
2-Acetamidomethylpiperidine (IV).—-The amide 

XIII (Sg.) in dioxane (30cc.) was hydrogenated 


over Raney nickel with hydrogen of initial pressure 
of 70 kg./cm? for 2 hr.; b. p.1y 1S8~165-C, mp 1.5205. 
This proved to be a mixture of XIII and IV, 
because from this distillate two were 
obtained. One was hardly soluble in and 
melted at 169~170°C and was 
picrate of unreacted XIII] by mixed melting point 
determination. Another, the picrate of IV, 
easily soluble in ethanol and melted at 153~155-C. 

Anal. of picrate of IV. Found: N, 17.85. Caled. 
for CysyH1oOsN;,: N, 18.18 

The distillate used for the 
without further separation. 

Cyclization of IV by Phosphoryl Chloride.-A 
mixture of IV (5.6g.) and phosphoryl chloride 
(20 cc.) in benzene (SO0cc.) was refluxed for 3 hr. 
in water bath. Benzene was distilled off, and the 
residue was dissolved in water, made alkaline with 
extracted with chloroform. 


was 
picrates 
ethanol 
confirmed as the 


was 


Was next reaction 


sodium hydroxide and 


10) W. M. Edwards and P. C. Teague, J. Am. Chem. Soc.. 
71, 3548 (1949). 

11) T. Itai and H. Ogura, J. Pharm. Soc. 
Zasshi), 75, 296 (1955) 


Japan (Yakugaku 


nN 


d 


e) 


December, 1960] 


The extract. dried with sodium sulfate and after 
removal of the solvent, was distilled under 
diminished pressure, and was obtained the fraction 
103~106-C, np 1.5011. The yield was 
0.5g. Its picrate melted at 174~175°C, and showed 
no depression of the melting point when mixed 
with the picrate of the reaction product of iso- 
pelletierine-oxime and phosphorus _ pentachloride. 
Both picrates showed identical Debye-Scherrer dia- 
gram. 

inal. of picrate. Found: C, 45.66; H, 
Caled. for Cys,H:;O;N C, 45.77; BH, 447 

Cyclization of XIII to 3-Methy!-2 ; 3a-diazaindene 
(XIV) with Phosphory! Chloride. — According to 


of b. p-1 


4.64. 


Bower and Ramage®, the compound XIII (4g.) 
and phosphoryl chloride (8cc.) in benzene (24cc.) 
were heated under gentle reflux for 4hr. After 








zene and the remaining phosphoryl 


distilling off ben 
chloride under reduced pressure, water was added 
to the residue, which was made alkaline and extracted 
with chloroform. After removal of solvent. the 
residue was distilled under reduced pressure; b. p.-; 
120~134-C (mainly distilled at b. p.; 134°C) (lit.4 
b. p.g 112~117-C) 3; mp 1.5951. The yield was 2.5 g. 

Picrate: yellow amorphous crystals, m.p. 210°C 
(darkened over 200 °C) (lit. m. p. 221°C (decomp.)). 

Found: C, 46.31; H, 3.46. Caled. for C,,H;,;,0;N 
C, 46.54; H, 3.07 

Reduction of 
2-nonene (V) to 


-Methyl]-1,3-diazabicyclo! 4:3: 0)- 
-Methyl-1,3-diazabicyclo[4: 3: 0)- 
nonane (XV). ’ was hydrogenated over Raney 
nickel in ethanol with hydrogen having an_ initial 
pressure of 95 kg./cm® at 150°C for 3.15 hr. After 
emoval of the catalyst and solvent, the reduction 
product was distilled under diminished 
b. p.iy 85~100-C. Styphnate: amorphous yellow 
crystals, m.p. 183~185-C. 

Anal. of styphnate. Found: C, 43.52; H, 
Caicd. for CysHypO.N;: C, 43.64; H, 4.97%. 

Reduction of XIV to XV.—The compound XIV 
was hydrogenated over Raney nickel in ethanol with 


2 
2 


pressure ; 


5.06. 


hydrogen having an initial pressure of 95 kg./cm®* at 
170°C for 4hr. After removal of the catalyst and 
solvent, the reduction product was distilled unde 
b. p.i2 96~98 C, np 1.4600. 


reduced pressure; 


TaBLe Il. CONDITIONS AND RESULTS OF 

HYDROCHLORIC ACID 

Exp. V KOH EtOH Time HC! 

No. g. g.- Gs. 

l 0.8 ee. 30 reflux saturate 
2 hr. 

2 0.5* 0.5 10 reflux bubbling 
0.5 hr. 

3 1.2 l 20 warm conc. HCl 
ca. 60-C 3 cc. 


30 min. 


* Purified material through picrate. 


** By adding AuCl,; solution to the syrupy material dissolved in 
(Found: C, 


salt was obtained, m. p. 90~95°C 


ALCOHOLIK( 
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Styphnate: amorphous yellow crystals, m.p. 183~ 
185-C. This styphnate was identical with the one 
of XV derived from V, which was confirmed by 
mixed melting point determination and the com- 
parison of their IR spectra. 

Reduction of XIII in Ethanol.—The amide XIII 
(16g.) in ethanol (20cc.) was hydrogenated ove 
Raney nickel (ca. 1g.) with hydrogen having an 
initial pressure of 130 kg./cm® for 4 hr. at 130~150°C. 
Distilling the reaction product, after removal of 
solvent, the following distillates were obtained. 

(A) b. pur ~91°C, 4.1 g. 

(B) b. p.u. 91-C~b. p.r 

(C) b. per 158~163 °C 
163°C), 5.6g.; mg 1.5196. 

A portion boiling at 102~108°C at 1i mmHg (“jp 
1.4975) in the fraction B formed the picrate, m. p. 
174~175-C 
picrate showed no depression of melting point when 
prepared by the action 


158°C, very little. 


mainly distilled at 162~ 


needle crystals from ethanol), and this 


mixed with the picrate of V, 
of phosphorus pentachloride upon isopelletierine- 
oxime. The identitly of both the picrates was also 
confirmed by the Debye-Scherrer diagram. 

Anal. of the picrate. Found: C, 46.02; H, 4.79. 
Caled. for Ci4H1;O;N C, 0.773; 8, 467 

Treating the fraction C with phosphoryl chloride 
in benzene as mentioned previously, liquid of 
b. p.1: 103~106-C and mp 1.4985 was obtained, the 
picrate of which melted at 174~175-C and showed 
melting point when mixed with 
From the residue, after removal 
103~106-C), the picrate of 


no depression of 
the picrate of V. 
of the liquid (b. p., 
m.p. 200 C (decomp.) was obtained and showed 
no depression of melting point when mixed with 
the picrate of XIV. 

Fraction A mainly 
mmHg on 
Styphnate melted at 123~125°C (Found 
H, 5.65 

Treatment of the Compound V, Obtained from 
the Reaction of Isopelletierine-oxime with Phos- 
phorus Pentachloride, with Alcoholic Potassium 
Hydroxide and Alcoholic Hydrochloric Acid.—\V 
was heated in waterbath with 5 alcoholic potas- 


sium hydroxide and the solution was evaporated to 


distilled at 80~83 C at 13 
1.4628, d-} 0.9142 
C, 43.69; 


redistillation ; mp 


POTASSIUM HYDROXIDE AND ALCOHOLI¢ 


TREATMENT OF V 
EtOH Time Product 
ce. 
30 reflux Syrupy, hygroscopic, insoluble 
1 hr. in hot acetone; crystalline 
gold salt could not obtained 
10 reflux Needle crystals separated 
1 hr. on standing, insoluble in 
hot acetone, m. p. 190~192 ¢ 
15 reflux Syrupy, soluble in hot 
1 hr acetone ; gold salt formed 


into red needles** (from 
H,O), m.p. ca. 120 ¢ 


water, yellow amorphous gold 


18.51; H, 3.00; Au, 48.40%). By recrystal- 


lization of this salt from AuCl; solution, yellow needles were obtained, but from water, there 


obtained red needles melting at about 120°C 


(Found: C, 


22.30; H, 3.34; Au, 47.05%). 
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dryness after acidifying with concentrated hydro- 
chloric acid. The dried crystallinematter was 
extracted with ethanol. After removal of the solvent 
the extract was refluxed with an alcoholic hydro- 
chloric acid. After 1 hr.’s refluxing, the solution was 
evaporated under reduced pressure. A part of the 
residue was dissolved in water and the aqueous 
gold chloride was added. The conditions of the 
experiments and the properties of the residues or 
gold salts were listed in Table II. 
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Desulfurization by Hydrazine 


The Reaction of Benzyl and Piperonyl 
Disulfide with Hydrazine* 


By Tetsuji KAMETANI, Keiichiro FUkKUMoTO, Yumiko SAToH** 
Takashi TESHIGAWARA and Osamu UMEZzAWA*** 


(Received April 20, 1960 


In the preceeding paper Kametani and 
co-workers described the fact that three kinds 
of alkyl thiolsulfinates, namely, isobutyl, tert- 
butyl and n»-amyl thiolsulfinates (I) were 
recognized to be effective against Ehrlich 
ascites tumor by their screening test among 
various thiolsulfinates synthesized by us, but 
iImost all of these compounds are unstable for 
heat and irritative for the skin and eyes, so 
it is difficult to use them as anti-cancer agents. 
Among them, only dibenzyl thiolsulfinate (II) 
was found to form stable crystals, so we tried 
to synthesize various kinds of dibenzyl thiol- 
sulfinate derivatives, bearing various functional 
groups in the phenyl nuclei, for instance, nitro, 
amino and so on. 


I: R-=isobutyl, tert- 
butyl-, #-amyl- 
O Il: R=C,H:- 
Hf: R-=p-NH.C;H¢- 
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1) T.Kametani, K. Fukumo to and O. Umezawa, Yaku- 
gaku Kenkyu, 31, 60 (1959). 

2) ibid., 31, 125 (1959). 

3) ibid., 31, 132 (1959) 


As we reported previously”, the first attempt 
to reduce mitrobenzyl disulfide to the corres- 
ponding amino derivative (III) by means of 
hydrazine hydrate resulted in the formation of 
nitrobenzal hydrazine (V) or nitrobenzaldazine 
(VI) as the results of an unexpected desul- 
furization reaction indicated below. 


CH,SSCH wd CH-N-NH 


He 


H.SO. 


In this paper desulfurization reaction was 
examined in the case of benzyl (XIla) or 
piperonyl disulfide (XI[b), which has no elec- 
tron-attractive radical, namely, the nitro group. 
The piperonyl disulfide (XIIb) was prepared 
according to the following reaction scheme. In 
this case, crossed-Cannizzaro reaction was ap- 
plied the first time to obtain piperony! alcohol, 
but the catalytic hydrogenation was found to 
be more excellent. 


4) T. Kametani, K. Fukumoto, Y. Takayanagi I 
Teshigawara and O. Umezawa, Chem. Pharm. Bull., in 
press 


LL 
sss 


December, 1960] 
O-7S-CHO ni O CH.OH 
CH, > CH: 
O | H O 
(VIIb) (VIII) 
HCl O CH.Cl 
» CH | , 
o-|. |! 
(IX) 
, _/NH-HCI 
O-7 \-CH:S-C 
CH. NH. 
O 
(X) 
0-7 -CH.SH 
CH, » (XIIb) 
O 
(XI) 


When benzyl disulfide was heated with an 
excess of hydrazine hydrate, desulfurization 
occurred giving a small amount of yellowish 
crystals, which agreed with an authentic sample 
of m. p. 93°C of benzaldazine (XIVa) by a 
mixed melting point test. As it was known 
that this compound XIVa turned to benzal 
hydrazine (XIII) by heating with hydrazine 
hydrate, the former substance was _ heated 
with an excess of hydrazine hydrate and 
it was observed that the color of the reaction 
mixture changed to colorless from yellow, 
indicating the formation of benzal hydrazine 
(XIIIa). This substance is known to be com- 
paratively unstable against moisture in the 
air and easily decomposes to benzaldazine and 
hydrazine hydrate”, therefore it seems possible 
that the benzal hydrazines initially formed 
from the disulfides give the corresponding 
benzaldazines by a prolonged period of reac- 
tion. Similarly, dipiperonyliden hydrazine 
(XIVb) was obtained from piperonyl! disulfide 
and was proved to be identical with an authen- 
tic sample which was synthesized from piperonal 
and hydrazine hydrate”. 


S —CH:—Ar 
Ar—CH=N—NH:; 
S—CH:—Ar 


(XIla) or (XIIb) (XIlfa) or (XIIIb) 


N=CH—Ar NH:NH,-H.O 
N=CH—Ar 2 Ar-—-CHO 


(X1Va) or (XIVb) (VIIa) or (VIIb) 


XIla, XIlla, X1Va, Vila : Ar=C,H 
XIIb, XIIIb, XIVb, VIIb: Ar—=CH:02C,H; 


5) Th. Curtius and R. Jay, J. prakt. Chem., [2] 39, 44 
(1889) 

6) Th. Curtius and H. Franzen, Ber., 35, 3236 (1902) 

7) Th. Curtius and L. Pflug, J. prakt. Chem., [2] 44, 
537 (1891). 

8) D. Vorlander, Ber., 39, 807 (1906) 
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Experimental 
The Reaction of Dibenzyl Disulfide with 
Hydrazine Hydrate.—The mixture of dibenzyl 
lg and 80 NH.NH.,-H.O (2 ml.) was 


disulfide 





refluxed. After 30 min., an evolution of a gas 
containing sulfur and the deposition of a small 
im¢ of grayish-white substance on the inner 
tube of the condenser was observed. After 13 hr. 
of reflux, the reaction mixture was treated with 
hydrochloric acid and then extracted with ether. 
Then an ethereal extract was washed with water, 
dried on sodium sulfate and evaporated, resulting in 
a yellow viscous substance. This was recrystallized 
ro C cetone giving yellow needles of m. p. 
91~92 C in poor yield. This was found to be 
identical with the authentic sample described below. 

Benzaldazine (X1IVa).--To benzaldehyde (2g.), 
l.lg. of 80 NH.NH.-H:-O was gradually added 


at room temperature and considerable heat genera- 


tion which accompanied the separation of yellow 


needles was observed. After recrystallization from 
ethanol, 1.3g. (68.4%,) of yellow, long needles 
(m. p. 93°C were obtained***. 


Piperony! Thiuronium Chloride (X Piperonyl 
chloride (S5g.) was added to thiourea (2.2g.) in 
99°, ethanol (33 ml.) and the mixture was heated 
for 1.5hr. The solvent was removed by distillation 
and a small quantity of ether was added to induce 
crystallization. The solid was collected by filtra- 
tion. Colorless prisms (m. p. 201°C) were obtained 
by recrystallization from ethanol. Yield, 5.3g., 
73.6°%o of theoretical. 

Found: C, 43.17; H, 4.00. Caled. for CgH;;O2- 
NSCI: C, 43.81; H, 4.49%. 

Piperonyl Mercaptan (XI).-—— Thiuronium salt 
(Sg.) was admixed with 10%, sodium hydroxide 
(34 ml.) and refluxed for 1.5hr. on an oil bath. 
In this case an evolution of ammonia gas was ob- 
served. After cooling, the mixture was acidified with 
hydrochloric acid and extracted with ether. After 
being treated as usual, a fraction of 116~118°C/5 
mmHg. (1.5g., 44.1% of theoretical) was obtained 
by distillation in vacuo. 

Piperonyl Disulfide (XI1b).—Iodine (1.2 g.) was 
gradually added to the stirred mixture of pyridine 
(1g.) and piperonyl mercaptan (1.5g.) at 15°C. 
After 1.5hr., the reaction mixture was poured into 
water (50ml.) and extracted with benzene, the 
extract was washed with saturated sodium thiosulfate, 
hydrochloric acid and water, successively and then 
evaporated. The residue was recrystallized from 
ethanol forming yellowish-white crystals (0.5g., 
35.89% of theoretical) of m. p. 68°C”. 

The Reaction of Piperony! Disulfide with Hydra- 
zine Hydrate.—-The mixture of piperonyl disulfide 
(lg.) and 809, NH.NH,-H.O (1.5g.) was heated 
for 26hr. and extracted with ether. The ethereal 
extract was evaporated after drying on sodium 
sulfate and the residue was recrystallized from 
acetone giving yellow 0.2g., 22% of 
theoretical), m. p. 201°C. This was proved to be 
identical with an authentic sample prepared by the 
following method. 


needles 


According to Ref. 5, this reaction was carried out 
in the presence of alkali 
9) W. Manchot and Chr. Zahn, Ann., 345, 326 (1905). 
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Azine 


P lad ¢ 
s added tO 


Hydrazine (Piperonal 
hydrate (0.1 g.) wa 
0.4 g.) and ethanol (1 ml.). 


Dipiperonyliden 
(XVb Hvydrazine 


the mixture of piperonal 





After a few nutes a small amount of water was 
added, a white crystal separating from it. This was 
recrystallized from dilute acetic acid giving yellow 


crystals (0.2 g., 50.1%, of theoretical), m.p. 202~ 
203°C. 
Summary 
he desulfurization reaction which was re- 


ported in the previous paper in case of the 


Behavior of Some Impurities 


By Shumpei OKA”, Takashi 


Received 


Knowledge concerning the behavior of trace 


impurities during electrolysis is important in 


preparing high purity electrolytic iron. The 
production of electrolytic iron has a_ long 
history'»’, but very few investigations have 
been reporied on the behavior of trace im- 


purities 

Selecting the sulfate bath as an example, the 
authors studied the behavior of orthophosphate, 
sulfate and zinc ions in the electrolyte as well 
as the behavior of silver plated on anodes. 
The difficulty of trace analysis was avoided by 


using phosphorus-32, sulfur-35, zinc-65 and 
Silver-11@ as radioactive tracers. 
Experimental 
Were carried out separately with 


Experiments 
phosphate, sulfate and zine ions in a bath and also 
with silver plated on anodes. Phosphate, sulfate 
and zine were added to the electrolyte with 
corresponding radioisotopes. Silver was plated anodes 
without applying electricity in the bath 
containing silver-110. 

After 48 hours’ electrolysis, the distribution of 
the added radioisotope determined by a 
suitable radiation counter. The 


in the deposited iron were calculated from 


IONS 


cyanide 


Was 
contents of each 
element 
the concentration of the carrier. 

Electrolysis.—An assembly having a high enough 


scale and the stability to discuss the behavior of 
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1) V. En irdt, “‘ Taschenbuch der Electrochemie ™ 
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hydra- 
hydrate was also observed in the similar 


reaction of p-nitrobenzyl disulfide and 
zine 
reaction of benzyl and 
The reaction product was 
aldazine derivative 
of benzal hydrazine. 


piperonyl disulfide. 
found to be benz- 
instead of the derivative 


Pharmaceutical Institute 
School of Medicine 
Tohoku Universit) 
Kitayobancho, Sendai 


in the Electro-refining of Iron 


and Hirokazu AIKAWA 
1960 


during the electrolysis has been con- 
The main features of the equipment are 
the special cathode frame designed to improve the 
current distribution on the cathode, liquid suppliers 
which feed the solution to electrolytic cell, and 
water bath to make up for the due to the 
evaporation of water. The supply solution for the 
contains a sufficient amount of 
sulfuric acid to keep proper pH-values during long 
The details of the assembly were 
reported elsewhere® with the results of re-electrolysis 
following experiments 


anode 


impurities 


structed. 





loss 





electrolytic cell 
operations. 


of electrolytic iron. In the 
the electrolytic iron was also used as an 
material. 

The conditions of electrolysis are: temperature 
60°C, current density 2amp./dm*, pH 5~6, I M/I. 
Mohr’s salt solution and the period of deposition, 
48 hrs. According to Mukai’s work», sodium 
n-butylsulfonate was added to the bath at the con- 
centration of 1 g./l. in order to protect the deposited 
metal from dendrite formation and to attain a high 
current efficiency. 

Measurements of Radioactivity.—-Phosphorus-32 
j-ray of maximum energy !.71 MeV., which 
is strong enough to be measured by a liquid im- 
mersion type counter. Measurements were carried 
20 ml. of the sample solution 
2Nn hydrochloric acid and the correction 
the absorption due to iron in the 


emits a 


out by using con- 
taining 
was made for 
solution 
Autoradiography was applied to obtain some in- 
formation on the distribution of phosphorus in the 
deposited iron. As the activity of the sample was 
weak, X-ray emulsion was selected as a 


material. The was moulded in 


ver) sen- 


sitive specimen 


4) S. Oka and T. Mukaibo, Annual Report of the En- 
gineerig Research Inst., Univ. of Tokyo, 18, No. 2, 14, (1960). 

5) M. Mukai, J. Electrochem. Soc. Japan, ( Denki-Kagaku) 
20, 215 (1952). 
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and an X-ray film was contacted on 
which with thin 


synthetic resin 
the polished 
film. 


plane was coated 


collodion Exposure was continued for three 
months. 

Sulfur-35 emits 
MeV. and a gas 
measurements of its radioactivity. 
were prepared in the form of barium sulfate pre- 
cipitates and the self-absorption was corrected. The 
activity of sulfur-35 in the surface layer of the 
deposited iron was measured directly by the gas 
flow counter without separating the iron, 
the j-ray of sulfur-35 has the maximum range of 
about 0.05 mm. in iron. 


of maximum energy 0.167 
was used for the 


The samples 


a f-ray 
flow counter 


because 


Silver-110 and zinc-65 emit ;-rays and were 
measured by a well type scintillation counter using 
liquid samples without the elimination of co-existing 
iron. 

Results 


Phosphate Ion. — Electrolysis was repeated 
several times at different concentrations of the 
carrier in the electrolyte. Results are illustrated 


in Table I. 


TABLE I. DISTRIBUTION OF PHOSPHORUS AFTER 
ELECTROLYSIS 
pr oman en 0.00 0.66 3.30 4.96 6.60 
Distribution (20) 
Electrolyte 1.0 1.0 is: 6.7 6.1 
Precipitate 61.9 62.0 36.8 32.4 25.8 
Deposited iron S00 2.3 33.3 G.2 73.1 
Recovery 70.9 87.3 93.1 95.3 98.9 
Phosphorus in 0.038 0.86 1.9 2.3 


deposited iron** 


* Concentration of the carrier added is ex- 
pressed in P g./I. 

** Weight percentage. 

than 0.0004. The value 


using the specific activity of 


Far less was 
estimated by 


carrier concentration, 0.66 g./I. 


When the concentration of phosphate ion 
was higher than 3g./l. in the electrolyte as 
phosphorus, more than half of the added phos- 
phate ions were deposited on the cathode. On 
the contrary, at the concentration lower than 
3 g./1. co-precipitation of phosphate ions with 
iron hydroxide was dominant over the deposi- 
tion on the cathode. The recovery of phos- 
phorus-32 became difficult with the decrease of 
the concentration of the carrier. 

The concentration of phosphate ion in the 
electrolyte decreased rapidly at the beginning 
of electrolysis and almost all of the added 
phosphate ions were eliminated by the end of 
electrolysis. 

Autoradiography was applied to the vertical 
section of the deposited metal. Fig. la shows 
a typical pattern of the autoradiograph 
obtained from the section illustrated in Fig. 


in 


the Electro-refining of Iron i681 


lb. The 
near the 


of phosphorus 
observed, even 
formed. The 


the observed de- 


high concentration 
mother plate was 
when pits or dendrites were 
distribution with 
of the concentration of phosphate ion 
bath at the beginning of electrolysis. 


coincides 
crease 


in the 


Fig. la Fig. 


g. la: Autoradiograph. 

ig. Ib: Section of the specimen. 
c: Solution side 

d: Mother plate side 


By applying the same method of autoradio- 
graphy on the horizontal plane of the deposited 
metal, the flat distribution of phosphorus was 
observed. 

Sulfate Ion.—The concentration of sulfate 
ion was about 2g.-ion/l. in the sulfate bath 
and sulfur-35 was added to the electrolyte in 
the form of sulfate ion. The deposited metal 
from this bath was proved to contain 0.017~ 
0.018 wt. per cent of sulfur by measuring the 
radioactivity. 

Five washing steps applied to the 
deposited metal. The effect of washing on the 
sulfur contents of the surface layer of the 
metal is illustrated in Fig. 2. 


were 


The solution side of the deposited metal 
had a higher activity than the mother plate 


side at the beginning of washing. By washing, 


¥ \ 

2 ‘ \ 

z \ 

=D \ 

- hw 

= 1 Se 

5 i i, idee al 
Zz 

1 2 3 4 5 


10 20 30 
Time, min. 
Fig. 2. Effect of washing’ on 
contents. 
> Solution side, Mother plate side 
Conditions of washing: 


sulfur 


1) Boil in hot water for 5 minutes. 

2) Boil in hot water for 5 minutes. 

(3) Immerse in 60°C 0.01 N HCl for 
5 minutes. 

(4) Immerse in 60°C 0.1N HCl for 


5 minutes. 
(5) Boil in hot water for 10 minutes. 
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the activity of both sides decreased to the 
same level and the contents of sulfur 
reduced from 0.018 to 0.008 wt. per cent. 

Autoradiography was tried in vain on the 
The sulfur have 
been removed from the surface of the specimen 


was 


deposited metal. seems to 
during the wet polishing process. 

Zinc Ion.— Experiments were carried out at 
the concentration of added zine carrier 0.65 
and 1.30mg./l. in the electrolyte. In both 
cases, nearly 90%, of the added zinc-65 ions 
A part of the 
with iron 
] 


1eC- 


were deposited on the cathode. 
remaining 10 
hydroxide and 
trolyte. 

Silver Plated on Anodes.— After 48 
electrolysis, over 90°. of the silver ions that 
were separated from anodes were precipitated 
with iron hydroxide and only about 2 were 
deposited on the cathode. The amount of 
silver plated on anodes was calculated as 0.47 
ppm in iron from the amout of silver separated 
from anodes by electrolysis. About 0.008 ppm 


of silver against iron were included in the 


was co-precipitated 


the rest remained in the e 


hours’ 


deposited iron. 


Kozo Hirota and Motoyoshi HATADA 
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Summary 


Phosphate ions were found to deposit them- 
selves on the cathode like a cation. This 
phenomenon suggests the formation of a com- 
plex ion which has positive charges. The 
results on sulfur confirms the importance of 
washing which was pointed out by Schafer 


and Harr? in achieving low values of total 
sulfur in the deposited metal. Silver was 


eliminated effectively by electrolysis, but it 
will be still difficult to remove zinc from iron 
by electrolysis. 


The experiments on radioisotopes were per- 
formed in the Radioisotope Laboratory of the 
University of Tokyo. The authors are indebted 
to Toho Zinc Co. for financial aid in perform- 
ing these experiments. 
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Synthesis of Several Ketones from Acetaldehyde and Propylene 
by Gamma-ray Irradiation” 


By Kozo HiroTA and Motoyoshi HATADA 


Received 


It has been reported’? mostly in the 
literature that some ketones are 
by a chain mechanism from aldehydes and 
terminal olefins at 60~100°C, using benzoyl 
peroxide, acetyl peroxide etc. as initiator. The 
reaction is believed to involve the sequence, 


patent 


synthetized 


RCHO -> RCO+H 

RCO CH.,~CHR!' -» RCOCH.CHR’ 

RCOCH.CHR'+ RCHO -> RCOCH.CH.R’ 
RCO 


A similar reaction has been initiated photo- 
chemically at room temperature. However, the 
reaction ought to proceed more easily by use 
of gamma-ray irradiation without any chemical 
initiator, because of its powerful action of 


Preliminary report: the 3rd Isotope Symposium of 
Japan, R. 31, Tokyo, Sept. 15, 1959. 
1) Cf. C. Walling, ‘* Free Radicals in Solution”, 
Wiley & Sons, New York (1957), p. 273, 


John 


May 2, 


1960) 


producing free radicals. Such being the situa- 
tion, it is interesting to investigate the above 
expectation in the system of acetaldehyde and 
propylene, because the yield of ketones was 
low whena chemical initiator was used». It 
is the purpose of the present paper to report 
the result actually carried out. 


Experimental 

Materials.—Acetaldehyde was prepared by heating 
commercial paraaldehyde at 70°C, which had been 
purified by distillation, with a small amount of 
concentrated sulfuric acid. The final product was 
purified by repeating vacuum distillation twice. 
Propylene was prepared by dehydrating the middle 
fraction of the distillate of commercial isopropyl 
alcohol on alumina kept at 400°C. Impurities of 
the samples were found to be within 0.5% with 
mass-Spectrometry and gas-chromatography. 


Procedure. All the samples were carefully 
deaerated by evacuation, then keeping them at 
2) F. C. Ladd, U. S. Pat., 2,517, 684 (Aug. 8, 1950) 
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4 joint 


ca.15 cm 





Fig. 1. Irradiation tube 
190°C, enclosed and irradiated in the glass tube 
shown in Fig. | Irradiation was carried out on 
the samples enclosed in the tube with the Co-60 
source (1000 curie) installed at Osaka Laboratory 
of JARRP. The dose rate was measured with the 
Fricke dosimeter. After irradiation, products were 
taken out from the tube by use of a breakable 
joint and were put to analysis. 

Analysis.—After the amount of gaseous products 
was determined with the Saunder-Taylor apparatus, 
they were analyzed quantitatively by the miass- 
spectrometric .nethod (apparatus: Hitachi RMU-5). 
Liquid products were analyzed by the gas-chromato- 
graphic method (apparatus: Shimadzu GCIA; car- 
rier gas: helium). Final identification of each 
product was made, however, by resorting to mass- 
spectrometry and infrared spectrometry on the 
samples fractionated by the gas-chromatograph except 
in the case of the higher boiling products, the 
chemical structure of which was estimated from 
their retention time. 


Results and Discussion 


The gaseous products were hydrogen, methane 
and carbon monoxide, their G values being 
small as shown in Table I. From the liquid 
products, methylpropylketone (MPK), methyl- 
hexylketone (MHK), and methylnonylketone 
(MNK) could be identified by the gas-chro- 
matographic method, using a high vacuum-oil- 
column (length 2.45m.) at 180°C. The peak 
of MPK separated into two parts when the 
column charged with dioctyl phthalate was 
used. The peak which was larger in area by 
several times was found to be normal MPK 
(MnPK), while the other was its isomer, i. e., 
methylisopropylketone (MiPK). It is note- 
worthy that MPK’s, MHK and MNK cor- 
respond to the ketones produced by the addi- 
tion of one, two and three molecules of pro- 
pylene to an acetaldehyde molecule, respec- 
tively. 


TABLE I. 


Amounts of products are expressed in 


EXAMPLES OF THE EXPERIMENT 


mol. «10-4; numbers in parentheses 
are G values. 


Experiment ] P 3 
Acetaldehyde (mol.) 0.053 0.053 0.116 
Propylene (mol. 0.05 0.031 0.032 
R=acetaldehyde 

propylene 1.0, 1.7 3.6: 
Total dose (r) 7x10 1x 10 2x10 
Dose rate (r/hr 12.2x10* 1.9x10* 1.4 10¢ 

Hydrogen 2.24(0.64) 0.5 (1.4) 


Carbon 
monoxide 1.16(0.35) 0.38(1.0) 


DD 

2 Methane 0.17(0.05) 0.11(0.2) 

z _(MiPK 6.0 (1.8) 2.8 (7.0)  8.7(5.7 

= MPK — - . 2 

i MnPK 29.0 (9.0 2.4 (68 128 (83 
MHK 20 6.0) 19.5 (60 39 «(28 
MNK 6.0 (1.8) 4.3 (1.4 5.0(3.3) 


Considering that aldehyde is more sensitive 
to radiation than propylene and also that ir- 
radiation is carried out at room temperature, 
these ketones may be produced via acetyl 
radical by the following scheme: 

CH;CHO -W» CH;CO 

CH.CO -CH,=CHCH 

CH,COCH.CHCH 
CH;COCH.CHCH; +CH;CHO —> 
CH;COCH.CH.CH; + CH;CO 
CH;COCH.CHCH; ~ CH, =CHCH 
CH;:COCH,.CHCH 
CH.CHCH 
CH,.COCH.CHCH, + CH;CHO 


CH.CHCH; 
CH.COCH.CHCH CH,CO 
CH.CH.CH 
CH,COCH.CHCH.CHCH; +CH, =CHCH 


CH 


» CH;COCH,CHCH.CHCH.CHCH; 





CH CH 


The above scheme coincides with the result 
that the G values of the produced ketones 
are higher than that of usual radiation-induced 
reaction. The produced ketones may there- 
fore be expressed generally by RCO(C;,H¢n +i), 
thus MnPK, MHK and MNK being the 
ketones, n of which corresponds to 1, 2 and 
3, respectively. However. the presence of a 
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small amount of MiPK indicates a_ process 
slightly different from the above; i.e. the 
addition of acetyl radical to j-carbon of 
propylene as follows: 


CH.CO+CH.=CHCH, 


H RCHO H 
CH:.CO—C—CH; > CH;CO—C—CH 


-CH CH 


According to the mechanism, higher homolo- 
gues of the ketone (n=4,5,6--:---) must be 
produced besides, even though in_ smaller 
amount. Actually they could not be identified 
in the residues of vacuum-distillation of the 
product, but their existence can be estimated 
by the following reasoning. In Fig. 2, molar 
fractions F, of each ketone produced by the 
ratio l:n are plotted against aldehyde/pro- 
pylene (R) as the abscissa, making the total 
dose and dose rate constant, i.e., at 2.310 r 
and 4.7x10'r/hr. respectively. The full line 
denotes the theoretical one calculated by 
the formula, 

Fe o (3) 
IT(C,;R~1) 


where C,,’s are transfer constants, Kan/Kpn. 
When the following values were adopted, in 
actual calculation, C;=0.84, C.=1.64 and C; 
6.1, good coincidence between theoretical and 
Observed data is obtained. Considering this 
result, even C,; must be so large that homolo- 
gues of ketone higher than MNK can_ be 
neglected practically, even though they are 
produced. Actually, if C,; is assumed to be 
20 and F; is calculated, it is very small as 
shown by the dotted line in Fig. 2. 


\ 


Molar fraction F, 





0 1 2 3 4 - ¢ 
CH;CHO/C:He, (=R) 
Molar fraction of produced ketones 


Fig. 2. 
ve. Re’. 
Dose rate, 4.7 « 10*r/hr. 

Total dose, 2.3 10’ r. 
Theoretical curves calculated by Eq. 3. 

* In Fig. 2~5, 1: means the ketone produced 

by one mole of aldehyde and a” moles of 
propylene. 


3) Cf. p. 245 of Ref. 1. 
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The terminating processes which follow the 
above propagating processes in the chain reac- 
tion must be ascribed to some recombination 
processes between radicals, e. g. 


2CH:CO » (CH,CO) 
or CH.CO+CH:;CO(C;Hs) ,CH-CHCH 
> CH;CO(C3Hs) »+:COCH 


Such processes may be reasonable if the fact 
that the yields of the ketones’ decrease 
with increasing dose rate as shown later is 
taken into account. However the products 
resulting from the recombination process could 
not be detected, probably because of their 
lower yields and of their larger retention time 
in the gas-chromatogram. 

As shown in Fig. 3, where dose rate and 
total dose were kept constant at 4.7 10'r/hr. 
and 2.3x10'r., respectively, the amount of 
hydrogen was practically constant, while those 
of methaiie and carbon monoxide increased; 
this tendency is concordant with the expecta- 
tion that the decomposition products of acet- 
aldehyde increase with R. 





2.0 

3 

= 10- 

Z 

© 

; 1 zs “s 4 5 
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Fig. 3. Gases produced vs. R (molar ratio 


of acetaldehyde and propylene in the 
feed). 

Total dose, 2.3107 r. 

Dose rate, 4.7 10‘r/hr. 


The effect of total dose on the ketones 
produced is shown in Fig. 4 where the dose 
rate and R were kept constant at 15.6*10‘r/ 
hr. and 1.6, respectively. It was found that 
the amounts of MPK, MHK and MNK in- 
creased with the total dose, but not linearly 
in the cases of MHK and MNK. This result 
may be explained by the fact the reaction 
order of propylene was greater than that of 
aldehyde in the cases of MHK and MNK, 
considering that the amount of the unreacted 
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case of the 
produced in- 


propylene was very small in the 
highest total dose. The gases 
creased practically linearly against the total 
dose, but the amounts of hydrogen and 
methane were the same in the order of 
magnitude, while the amount of carbon 
monoxide was much smaller. Of course the 
order of their magnitude varied according to 
R as shown in Fig. 3. 

In Fig. 5, the logarithm of the amounts of 
liquid products is plotted against the logarithm 
of the dose rate where the total dose and R 
were kept 2.310’ r and 1.6, respectively. As 
compared with the liquid products, the amounts 
of the gaseous products were practically not 
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affected by the dose rate, though the amounts 
of hydrogen and carbon monoxide decreased 
Slightly while that of methane increase. The 
amounts of ketones decreased markedly against 
the dose rate, but a linear relation does not 
exist in Fig. 5. Such a result ought not to be 
obtained if the bimolecular termination of 


CH:CO be realized as was done in the above 
reaction sceeme. However, since the data are 
still insufficient to derive any conclusion in 
regard to the mechanism, i.e., the number of 
measurements was small, and concentration of 
propylene was not constant during the 
tion in some of the measurements, a definite 
conclusion on the effect of dose rate will be 
postponed to later research. 

Finally we will see what can be said about 
this reaction if it is considered as a synthetic 
method. First, it is favorable for this method 
that the total yield of the produced ketones 
was larger than that of the method by which 
some chemical initiator is used. For instance 
in No. 3 in Table I, conversion of propylene 
into MPK, MHK and MNK amounted to 727%, 
the sum of their G values being 120. Second, 
G values will be markedly, if the 


reac- 


increased 


temperature of the system is raised as much 
as possible. This expectation has been con- 
firmed to some degree in the system of acet- 


aldehyde and isobutylene. However, it 1s 
interesting hereafter to determine the upper 
limit of the reaction temperature, considering 


that acetyl radical inclines to decompose into 
CH; and CO according to the degree of the 
temperature. 


Summary 


It has been found that methylpropylketone 
and other higher ketones are synthetized with 
relatively high G values by gamma-ray irradia- 
tion on mixtures of acetadehyde and propylene 
at room temperature, and that the reaction 
proceeds by a chain mechanism, with acetyl 
radical produced thereby as the initiator. 


We express sincere thanks to Mr. S. lizuka 
for his kind advice and also to Mr. J. Take- 
zaki for his assistance in mass-spectrometry. 


Osaka Laborator) 
Japanese Association for Radiation 
Research on Polymers 
Mii, Neyagawa City 
Osaka (K. H. and M. H.) 


Departinent of Chemistr) 
Faculty of Science 
Osaka Universit 

Nakanoshima, Kita-ku 
Osaka (K. H.) 


4) K. Hirota, S. lizuka and M. Hatada, Abstracts of the 
13th Annual Meeting of Chemical Suciety of Japan, 49 (1960). 








1686 Hiroshi ONIsHI, 


Masumi ISHIWATARI and Hitoshi NAGAI 





[Vol. 33, 


ve) 
yA 
FS 
° 
's) 


Spectrophotometric Determination of Traces of Boron in Thorium* 


By Hiroshi OnisHt, Nasumi 


Received 


Although a few reports have been pub- 
lished of the chemical determination of boron 
in thorium metal, no paper seems to be avail- 
able pertaining to its determination in thorium 
oxide. This is probably due to the fact that 
it is difficult to dissolve the 
Nitric acid or hydrochloric acid in the presence 
small amount of fluoride 
oxide. However, this method of 
not be directly applicable to the 
boron 


ver\ oxide. 
dissolves the 
solution will 
photometric 
the inter- 


of a 


determination of because of 
ference of fluoride. 

The authors have 
phoric dissolves both 
and metal relatively easily. On the 
this finding, a method has been developed for 
the determination of as little as a few tenths 
, part per million of boron in thorium 
Oxide or metal. After the of the 
sample, boron 1s separated as methyl borate, 
and finally determined by the curcumin 
method*. 


found that strong phos- 


acid thorium oxide 


ol a 
dissolution 


Experimenta! 


Apparatus. — The quartz distilling apparatus and 
the spectrophotometer were the same as 
scribed before”. 

Reagents.—Strong Phosphoric Acid.—-Prepare from 
85°, orthophosphoric acid according to the direction 
of Kiba®. The orthophosphoric acid should pre- 
ferably contain less than 0.05ppm of B. When 
such an acid is not obtainable, purify it as follows. 
Transter 150 ml. of 85%. phosphoric acid, 30 ml. of 
water (redistilled), and 500 ml. of redistilled metha- 
nol to a one-liter quartz distilling flask. Connect 
the condenser, and heat the flask in a water bath, 
and continue distillation until no more liquid comes 
out. Add 150 ml. of water and distil again. Transfer 
the residue to a 500ml. quartz beaker, and heat at 
150~200 C for several hours. Cool, add 150ml. 
of water, and repeat heating as above. Add 100 
ml. of water and heat at 200~250 C until boiling 
ceases. Finally add 100ml. of water and heat at 
200~280°C until boiling ceases. Cool. and prepare 


those de- 


* Presented at the 13th Annual Meeting of the Chemi- 
cal Society of Japan, Tokyo, April 1960 


1) J. P. Burelbach and R. J. March, ANL-S240 (1953 

2) A. R. Eberle and M. W. Lerner, Anal. Chem., 32, 146 
(1960). 

3) T. Kiba, Chemistry and Chem. Ind. (Kagaku to Kogyo) 


11, 730 (1958). 
4) H. Onishi, N. 
letin, 33, 830 (1960). 


Ishiwatari and H. Nagai, This Bul- 


ISHIWATARI and Hitoshi 


May 24, 


basis of 
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the strong phosphoric acid in a suitable 


apparatus 


by heating the purified acid to 300°C. 


Other solutions used were the same as_ those 
described previously*. 
Procedure.—Transfer 1.00 g. of thorium oxide or 


thorium metal sample to the distilling flask and 
add 5.0 ml. of the strong phosphoric acid 
Heat the flask on a sand bath at 200~ 
ind shake the contents occasionally to hasten 

Stop heating when a 
clear sample solution has been obtained 


To the cold solution add 3 ml. of water 


using 
syringe. 
250 € 


the solution of the sample. 


redistilled) 





and mix. Connect the flask with the condenser 
through the adapter, and immerse the flask in a 
one-liter beaker containing water (this serves as a 


water bath Place a 100ml. platinum dish con- 


7.0 ml. of 0.1 N calcium hydroxide suspension 


taining 


and 10 ml. of water under the condenser. Add 20 
ml. of methanol (redistilled) and mix the solution 
with polvethviene rod and wash the rod with 
10 ml. of methanol. Connect the tap funnel, and 


raise the temperature of the bath slowly to boiling 
Coniinue heating until no more liquid 
comes out. This distillation will take 1S~20 min. 

Remove the burner and replace the hot water by 
Add 20 ml. of methanol through the 
tap funnel and distil again. (This second distilla- 
take 10~15 min.) Lower the dish and 
stem of the condenser with water 
washings and confirm the 
Evaporate the 


point. 


cold water 


tion will 
wash down the 
Mix the distillate and 
fact that the solution is alkaline. 
solution gently to dryness on a water bath. 

To the residue add 2ml. of water and 4.0 ml. of 
curcumin-oxalic acid solution (0.40g. of curcumin 
and 50g. of oxalic acid in one liter of ethanol) 
Then continue according to the directions previously 
described*. When the amount of boron is found 
by referring to the standard curve that has been 
prepared by omitting the separation step, a correc- 


tion of —15 per cent is advisable. 
Vote. —Instead of the distilling flask, a quartz 
dish may be used for the dissolution of the sample. 


In this case, the process of solution is accelerated 
by stirring with a quartz rod. The clear sample 
solution should be transferred to the distilling flask 
while the solution ts hot. 


Results and Discussion 


As pointed out by Rodden”, thorium oxides 
that have been highly ignited are very difficult 


to dissolve. In the present work, thorium 
oxides that had been prepared by heating 
5) C.J. Rodden, Proceedings Internatl. Conf. Peaceful 


Uses Atomic Energy, 8, 197 (1956). 
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thorium nitrate to 500 and 700°C were dis- 
solved in strong phosphoric acid within 1 and 
2hr., respectively (quartz dish). When the 
distilling flask is used, a longer time is required. 
The effects of phosphoric acid and thorium 
on the determination of boron are shown in 
Table I. Seven milliliters of 0.1.N calcium 
hydroxide suspension and the foreign substance, 
with or without boron, were evapo- 
rated to dryness and then subjected to color 
development. The addition of 0.18 meq. of 
phosphoric acid resulted in about a 40 per cent 
decrease in absorbance. However, as shown 
below, no significant quantity of phosphoric 
acid comes out during methanol distillation. 


l eg. of 


TABLE I. 
THORIUM ON THE DETERMINATION Of} 


EFFECT OF PHOSPHORIC ACID AND 


BORON 
Absorbance 


Addition 


Blank |-0r8- Differ- 
B ence 
0.060 0.370 0.310 


0.060 0.340 0.280 
0.061 0.314 0.253 
0.050 0.246 0.196 
0.056 0.357 0.301 
0.055 0.325 0.270 
Ca(OH)». 


.30 ml. 0.18 N H,PO, 
.50 ml. 0.18 N H,PO, 
1.0 ml. 0.18 N H;PO, 
.56 mg. Th (as ThCl,) 
1.1 mg. Th (as ThCl,) 


* In the presence of 0.7 meq. of 


TABLE II. 


DISTILLATION OF BORON 


EFFECT OF WATER ON THE 


In each case 5.0 ml. of strong phosphoric acid 


was used. 


Water added, ml. Recovery of I vg. B, %.* 
1.0 79 
2.0 78 
3.0 89 
4.0 81 
5.0 92 
6.0 72 


* Average of duplicate experiments. 


Table If shows the effect of water on the 


distillation of boron. When water was not 
added to 5.0ml. of strong phosphoric acid, 
methanol distillation was not successful. This 


was probably due to the formation of methyl 


phosphate. In the table recoveries were calc- 
ulated by referring to the standard curve 
obtained without distillation of boron. In the 


subsequent work, 3.0 ml. of water was adopted. 

Table III] summarizes the results of methanol 
distillation of boron in the absence of thorium. 
The distillation was made according to the 
proposed procedure. The reagent blank against 
the blank of direct color development was 
about 0.2 vg. of boron. The average recovery 
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TABLE III. DisTILLATION OF BORON FROM 


PHOSPHORIC ACID SOLUTION 


5.0 ml. of strong phosphoric acid solution was 
heated at 200~250°C for 2hr. fter cooling 
3 ml. of water was added and MeOH distillation 
followed. 

B found, 


B taken, Average recovery. 


g rg. 
0.20 0.47, 0.17 85 
0.50 0.46, 0.45, 88 
0.47, 0.39 
1.00 0.88, 0.81. 0.90 86 
0.79. 0.90. 0.88 
TABLE IV. DiTERMINATION OF BORON IN 
THORIUM OXIDI 
B added, ppm B found, ppm 
0.20 0.22, 0.18 
0.50 0.46, 0.45 
1.00 0.86. 0.92 
* Includes the original B content of thorium 
oxide 0.05 ppm B). 
TABLE V DETERMINATION OF BORON IN STANDARD 


FHORIUM OXIDES AND THORIUM METAI 


Boron, ppm 


Sample 
NBI Proposed method 
NBL-26-6, Tho, 2 = oe 
NBL-26-5, ThO 3 i. ae 
NBL-26-3, ThO.* 4.4 4.7, 4.4 
NBL analyzed sample about | 0.58, 0.46, 
No. 19 Th** 0.46, 0.43 


* Other certified values, based on metal (in 
ppm): 100 each Al, Fe, Mo, P, Si, V, Zn. 
35 Be. 10 each Bi, Co. Cu, Mg, Mn, Ni, 
Pb, Sn, 1 each Ag and Cd. 

** Other certified values (in ppm): about 20 Al, 
about 150 Be, 10 Ca, <3 Cu, 10 Fe, 10 
Mg, about 2 Mn, about 10 Ni, about 4 Pb, 
about 20 Si, about 2 U, 60 N, 230 C. 


of 0.2 to 1 #g. of boron is calculated to be 867%. 
The standard deviation for 1 “#g. of boron is 
5.6%. The recovery of 86%. is comparable to 
that of the methanol distillation from a sul- 
furic acid medium 

Known amounts of boron 
thorium oxide (1 g., Société de Produits Chimi- 
que des Terres Rares, France) and the boron 
was determined by the proposed procedure 
except that — 1524 were not applied (Table IV). 
A recovery of about 86%. is indicated after 
correcting for the original boron content of 
the sample. 

The standard samples of thorium oxide and 
thorium metal, issued by the New Brunswick 
Laboratory (NBL), were analyzed by the pro- 
posed method, and the results are shown in 
Table V. It is seen that the NBL values for 


were added to 
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thorium oxide samples agree quite well with 
the values obtained by applying the proposed 
method. Because the NBL value for the 
thorium metal is very approximate, it is not 
possible to check the accuracy of the proposed 
method directly. Duplicate analyses of the 
thorium metal that was converted into oxide 
by heating to 600°C for several hours gave 
0.67 and 0.59 ppm B (average 0.63 ppm). Since 
this average agrees within an experimental 
error with the average of 0.48 ppm (Table V), 
it is not likely that insoluble boron remains 
after dissolution of thorium metal in strong 
phosphoric acid. Furthermore, the average 
value of 0.48 ppm B agrees reasonably well 
with the value of 0.35 ppm which was obtained 
by the spectrochemical determination employ- 
ing the carrier distillation technique». Con- 
sequently, it is considered that the proposed 
method is successfully applicable to thorium 


ishima, Japan Analyst 


6) T. Nakazima and H. Fuk 1} 


Bunseki Kagaku), 9, 830 (1960). 
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metal. As curcumin can not be used in the 
method described by Eberle and Lerner’, the 
proposed method seems to be more practicable. 


Summary 


Procedure is described for the spectrophoto- 
metric determination of a few tenths of a part 
per million of boron in thorium oxide or 
metal. The sample was brought into solution 
with strong phosphoric acid. After diluting 
the solution with water, boron was separated 
by distillation as methyl borate, and finally 
determined by the curcumin method. The 
error is not likely to +0.1 ppm for 
0.2~1 ppm of boron. 


exceed 


The authors are indebted to Mr. T. Naka- 
zima and Mr. H. Fukushima of this institute 
for spectrographic analysis of thorium metal. 
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Research Institute 
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The Methylation of Pyronones with Diazomethane' 


3) 


By Hisao NAKATA 


Received February 22, 1960) 


The skeletal structures of aureothin and iso- 
aureothin have recently been established as 
I and II, respectively’?. The relative stabilities 
of these two compounds are so different that 
aureothin isomerizes readily to the more stable 
isoaureothin derivatives especially under acidic 


O OCH; 
CH, CH, CH; A\_ CH; 
R O OCH, R O°O 
(1) Aureothin (Il) Isoaureothin 
OH Oo 
CH:. A\_/CHs3 CH; | CH; 
R O-°O R O OH 
IIIa) (IIT;) 
Desmethylisoaureothin 
CH; 
R= NO, »-CH=C-CH=C—CH, 
H.C CH— 
O 


conditions». The isomerization reaction has 
so far been considered to be an irreversible 
process involving a certain drastic structural 
change since the reverse isomerization reaction 
has not been observed during the course of 
the structural elucidation studies. 

However, as was shown in the _ previous 
paper, the constitutional difference between 
I and II is only in their pyrone rings, and 
therefore, two tautomeric structures of IIIa and 
Illy are possible for the demethylated product, 
desmethylisoaureothin. In order to confirm 
rigorously the structural correlation between 


1) Structure of Aureothin. VIII. Part VII of this 
series K. Yamada, H. Nakata and Y. Hirata, J. Chem. 
Soc. Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 81, 
340 (1960). 

2) Presented at the 12th Annual Meeting of the 
Chemical Society of Japan, Kyoto, April, 1959. 

3) A preliminary communication of this work has ap- 
peared. See, H. Nakata, S. Takahashi, K. Yamada and 
Y. Hirata, Tetrahedron Letters, No. 16, 9 (1959). 

4) Y. Hirata, K. Okuhara, H. Nakata, T. Naito and K. 
Iwadare, J. Chem. Soc. Japan, Pure Chem. Sec. (Nippon 
Kagaku Zasshi), 78, 1700 (1957). 
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aureothin and isoaureothin, it was felt to be 
desirable to perform the reverse isomerization 
reaction. 

In the present investigation, desmethyliso- 
aureothin (Illa) is methylated with diazo- 
methane under the special condition derived 
from the theory of Arndt’s kinetically inter- 
played methylation reaction. Satisfactory re- 
sults are obtained. 

Tautomerism of Pyronone Derivatives. 
Although previous studies? suggest the struc- 
ture of desmethylisoaureothin as IIIa having 
an a-pyrone ring, a more definite evidence” is 
now available. Subtraction of the ultraviolet 
absorption curve of aureothinic acid (IV) 
from the curve of desmethyl isoaureothin 
affords the spectrum of the residual pyrone 


CH 
NO,-<¢ CH=-C-CH=-C—CH:; 
H.C CH-COOH 
O 
(IV Aureothinic acid 
O O 
Oo CH CH O CH:. A,_CH 
C—CH C—CH 
wea afc coo 
O O 
(V) Aureonone (VI) Isoaureonone 


fragment. The resultant spectrum does not 
agree with the spectrum of aureonone (V)” 
but is well superimposable on the spectrum of 
isoaureonone (VI) This indicates, that the 
tautomeric form of the a-pyrone structure IIla 
predominates desmethylisoaureothin even in 
solution. Data of infrared spectra of those 
compounds’? also support the conclusion. 
Therefore, the theoretically conceivable equi- 
librium Illa = H+ lies almost at the IIla@ side”? 

5) T. Naito, Y. Hirata, K. Gkuhara and K. Iwadare, 

ibid., 374 (1958). 

6) Y. Hirata, H. Nakata and K. Yamada, ibid., 79, 390 


(1958). 
7) Recently, Yamazaki has ascertained the percentage 





of enol of desmethylisoaureothin in various solvents 
Although she reported the values 46.0 and 41.5 in 


ethanol and 25.0 and 22.2%2 in chlorofor 10 indications of 








such a result are observed from the infrared spectra of 
desmethylisoaureothin, and our present conclusion that 
desmethylisoaureothin exists largely as Ila (one of the 
enol forms) also does not agree with her. Moreover, the 
reported values in formic acid and in methanol are over 
100%, the reason of which attributed to the presence 


of the dienol form of desmethylisoaureothin. However, it 
is unlikely to consider any dienol form of this compound. 
f we were forced to assume the following dienol struc- 
ture, this would contradict with our previous observation 
that desmethylisoaureothin is optically active and has a 
definite sign of rotation in solution 
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and III7 is thermodynamically less stable than 
Illa. The same is true for their methylated 
products, aureothin and _  isoaureothin; the 
former is less stable than the latter’. It was 
reported also in other pyronone derivatives 
that the 7-pyrone isomer is usually less stable 
and in solution the a-pyrone alternative pre- 
dominates 

Theory of Kinetically Interplayed Methylation. 

When a proton transfers from tautomeric 
acids to bases, it has been observed''*'*? that 
the proton is lost most quickly from a least 
stable tautomer. This proton mobility is 
characterized as the dynamic acidity'’*' and 
should be differentiated from t 
acidity in the equilibrium state (static acidity 
in the strict sense)’ The dynamic acidity 
correlates with the activation energy of the 
proton transfer process and the static acidity 
correlates with the free energy difference be- 
tween the acid and its conjugated base“. The 
reactivity of a given acid depends on the 
dynamic acidity of the acid particularly in the 
reaction, where the proton plays a dominant 
role; thus, it may be concluded that the reac- 
tivity of the acid towards diazomethane is 
proportional to its dynamic acidity''*'*» 


he so-called 


The less stable isomeric acid has a_ larger 
dynamic acidity and is methylated with diazo- 
methane more quickly than the stable isomer, 


§ F. Yamazaki, ibid., 79, 1204 (1958 

9 I. Chmielewska and J. Cieslak, Przer Chem., 8% 
196 (1952). 

10) R. H. Wiley and C. H. Jarboe, J. A 4 n. S$ 


78, 624 (1956 

ll J. Cieslak, Roczniki Chem., 32, 837 (1958) 

i2 I. Chmielewaka, J. Cieslak, K. Gorczynska, B 
Kontnik and K. Pitakowska, Tetrahedron, 4, 36 (1958) 

13) D. Herbst, W. B. Mors, O. R. Gottlieb and ¢€ 
Djerassi, J. Am. Chem. Soc., $1, 2427 (1959 

14) A. G. Catchpole, E. D. Hughes and C. K. Ingold 
J. Chem. Soc., 1948, 11 

15 C. K. Ingold, *‘ Structure and Mechanism in Organic 
Chemisiry , Cornell University Press, New York (1953 


l¢ F. Arndt, in J. Mitchell, Jr., I. M. Kolthoff, E. S 
Proskauer and A. Weissberger ed., “ Organic Analysis 


Vol. I, Interscience Publishers Inc., New York (1953), p 
197 

17) W. Hickel, * Theoretische Grundlagen der Organi 
schen Chemie’, Vol. I. 8th Ed., Akademische Verlagsge 
sellschaft, Leipzig (1956), p. 306. 


i8 C. Gustafsson, Suomen Kemistilehti, 18B, 11 (1945) 


19) F. Arndt ‘Statische und Dynamische Aciditat 


Vo VIII, Abhandlungen der Braunschweigischen Wis- 
enschaftlichen Gesellschaft (1956), p. I. 
20) Parallelisms between dynamic acidity and stati 


cidity have frequently been observed. See Refs. 15, 21 
22 and 33 

21 J. E.- Leffler, “‘ The Reactive Intermediates of Organic 
Chemistry ” Interscience Publishers Inc., New York 
(1956), p. 187 

22) R. W. Taft, Jr., J. Am. Chem. Soc., 79, 5075 (1957 
23) B. Eistert, “‘ Tautomerie und Mesomerie 
Enke, Stuttgart (1938), p. 43 

24) J. D. Roberts, W. Watanabe and R. E. McMahon, J 
im. Chem. Soc., 73, 760 (1951). 

25) J. D. Roberts and J. A. Yancey, ibid., 73, 1011 (1951) 
2¢ C. K. Hancock and J. S. Westmoreland, ibid., 890 
$45 1958 

27) J. Hine and W. C. Bailey, Jr., ibid., $1, 2075 (1959 
28) Ref. 16, p. 202 
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though the equilibrium concentration of the 
former is less than that of the latter in the 
solution. 

Since the methylation reaction with diazo- 
methane produces an exceedingly stable nitro- 
gen molecule, the process. undoubtedly does 
not have high energy requirements and, indeed, 
may even be somewhat exothermic . The 
activation energy is correspondingly rather 
small and the transition state of the methyla- 
tion reaction resemble the starting 
material closely’? in topology’? and in 
geometry 

When two tautometric acids, A-OH and G 
OH, are methylated with diazomethane, the 
reaction may proceed according to the following 
mechanistic scheme’’’’? where A-OCH:; is 
produced only from A-OH and G-OCH; only 
from G OH. 
the transition state to the starting materials it 


would 


A-OH =< G-OH ~ CH.N 
k 


h ky 


CH:N 


A-OCH G-OCH 


seems unlikely to consider any other reaction 
processes of indirect methylation involving the 
rearrangement of the reaction centre. 
Arndt'’*'*’) has discussed in detail the 
kinetic interplay between methylation reactions 
(velocities ka and kg) and prototropic rear- 
rangement reactions (velocities k. and k_), 
and drawn the following conclusions. If the 
concentrated diazomethane solution is added 
to the tautomeric mixture of A-OH and G-OH, 
the product proportions G-OCH;/A-OCH,; are 
not very different from the ratio of G-OH/ 
A-OH, which is the ratio of the initial equilib- 


29) D. J. Cram and J. Allinger, J. Am. Chem. Soc., 79, 
2866 (1957). 

30) A. Streitwieser, Jr., and W. D. Schaeffer, ibid., 79, 
2888 (1957). 

31) A. Streitwieser, Jr. J. Org. Chem., 22, 861 (1957). 

32) J. E. Leffler, Science, 117, 340 (1953). 

33) G. S. Hammond, J. Am. Chem. Soc., 77, 334 (1955). 
34) It seems reasonable to distinguish the terms topology 
and geometry of the transition state from the term struc- 
ture of reactants or of products, as seen in Refs. 32, 35 
and 36. Although the transition state jies somewhere 
between the reactants and the products, it may not have 
any definite structure in the ordinary sense, since the 
arrangement of atoms of the reacting molecules varies 
with the time in passing over the transition state. The 
topology represents the linkage of atoms of the reacting 
molecules in the transition state, and may correspond to 
the constitution of the molecule in the static state. The 
geometry represents the spacial orientations of atoms of 
the reacting molecules in the transition state, and may 
correspond to the configuration and the conformation of 
the molecule in the static state. 

35) J. E. Leffler and E. Grunwald, in S. L. Friess and 
A. Weissberger ed., “* Technique of Organic Chemistry” 
Vol. VIIL (Investigation of Rates and Mechanisms of 
Reactions), Interscience Publishers Inc., New York (1953), 
pp. 326, 329. 

3%) Ref. 21, p. 116. 

37) R. Huisgen, Angew. Chem., 67, 445 (1955). 

38) F. Arndt, ibid., 61, 397 (1949). 


Because of the resemblance of 
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rium concentrations of the respective acids. 
On the other hand, if the concentration of 
diazomethane is maintained at a low level, 
the ratio of G-OCH;,/A-OCH; will be larger 
than G-OH,/A-OH, provided that G-OH has 
a larger dynamic acidity than A-OH. 

Consequently, it may be expected that the 
product proportions of the two isomeric methyl! 
ethers depend on the time required for the 
addition of the diazomethane solution, the 
more gradually the addition of the diazo- 
methane solution, the more will increase the 
proportions of the methylated product of the 
less stable isomeric acid having the larger 
dynamic acidity. 

Diazomethane Methylation of Pyronone Deriv- 
atives. — Although literatures contain several 
references to the diazomethane methylation of 
2,4-pyronone derivatives such as 6-methy1-2, 4- 
pyronone (triacetic lactone) (VII), the results 
obtained have been the subject of considerable 
controversy’?! 


OH O 
Y 
CH;’*O’*O CH;’*O -OH 
(VIIa) (VII; 
6-Methyl-2,4-pyronone (triacetic lactone) 
OCH, O 
CH;’*O”’O CH, O OCH, 
(VIIa) (VII; 


6-Methyl-4-methoxy- 
a-pyrone 


6M-ethyl-2-methoxy- 
7-pyrone 


Recently, there appeared an extensive study’*? 
of this methylation reaction and it was con- 
cluded that the products were usually mixtures 
of two possible isomers, the actual proportions 
depending on the nature of other substituents‘. 
Several results in other 2,4-pyronone deriva- 
tives were also reported?!»'*»* However, 


39) F. Arndt and B. Eistert, Ber., 68, 1572 (1935). 

40) F. Arndt and S. Avan, ibid., 84, 343 (1951). 

41) S. Janiszewska-Drabarek, Roczniki Chem., 27, 456 
(1953). 

42) Chmielewska and co-workers observed, that two series 
of isomeric methyl! ethers were obtained on the methy- 
lation of 3-substituted 4-hydroxycoumarins with diazo- 
methane and that product proportions were distinctly 
affected by the type of substituent in position 3. 
The author is indebted to Professor I. Chmielewska of 
Warsaw University for her kind information of this result 
(private communication to K. Yamada of this Institute). 
See, J. Cieslak, S. Lewak and I. Chmielewska, Roczniki 
Chem., 33, 349 (1959). 

43) W. Borsche and C. K. Bodenstein, Ber., 62, 2515 
(1929). 

44) I. Chmielewska and J. Cieslak, Roczniki Chem., 28, 38 
(1954) 

45) R. B. Woodward and G. Small, Jr., J. Am. Chem. 
Soc., 72, 1297 (1950). 

46) H. Stetter and C. W. Schellhammer, Ann., 605, 58 
(1957) 

47) E. Ziegler and E. Nolken, Monatsh., 89, 391 (1958) 
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as far as the author is aware, little attention 
has been paid to investigate the relation be- 
tween the product proportions and the reac- 
tion condition employed Thus, the diazo- 
methane methylation of 6-methy!-2, 4-pyronone 
(VII) was first examined. 


Results and Discussion 


The methylation was carried out by addition 
of ethereal solution of diazomethane*” to a 
suspension of VII in dry ether, and the two 
isomeric methyl ethers, VII[a@ and _ VIII7, 
were separated by the technique of Polish 
vorkers’? Product proportions are calculated 
as the percentage of the total weight of the 
methylated products isolated. The results are 
summarized in Table I. 


TABLE I. PRODUCT PROPORTIONS OF DIAZO- 


METHANE METHYLATION 
Average 
product 
proportions 


The time required for 
the addition of the 
diazomethane solution 


i) 6-Methyl-2,4-pyronone Vit; Villa 
(VII) : 6 % 
Very rapidly 0 100 

4 hr. 26 74 

8 hr. 31 69 

18 hr. 33 67 

ii) Desmethyl‘soaureothin , , 
, 1,% Il, % 

(IIT) : 

Very rapidly 0 100 

2~4 hr. 0 100 

18 hr. 2 98 


On the basis of these data, it should be 
emphasized that the more gradually the addi- 
tion of the diazomethane solution, the more 
will increase the proportions of the 7-pyrone 
methyl ether, VIII7. 

6-Methyl-2, 4-pyronone (VII) would exist in 
solution as a tautomeric mixture of VlIla and 
Villy. Spectral data®’'? suggest, that in either 
solution the tautomeric form of an a-pyrone 
structure (VIIa) predominates. This means 
VIl7 is thermodynamically less stable, and has 
a larger dynamic acidity, than VIla. The ob- 
served results presented in Table I are therefore 
in good agreement with the theoretical predic- 
tion that the gradual addition of diazomethane 
will give rise to the increase of percentages of 
the less stable isomeric methy! ether in the 
over-all product. 

48) Herbst et al reported the product ratio, Villa 

VIII; as 64:19, which did not agree with the ratio 72: 20 


of Janiszewaka-Drabarek* They also noticed that dif- 
ferent proportions were observed under the condition 


described by Wiley and Jarboe but no explanation of 
this result was given. 
49) F. Arndt, “Organic Syntheses”, Coll. Vol. II, 


John Wiley and Sons Inc., New York (1943), p. 165 
50) I. Chmielewska, J. Cieslak and T. Kraczkiewicz, 
Roczniki Chem., ®, 1009 (1956). 


Correlation of Reaction Rates and Product Stabilities. I 1691 


The same is true in the case of methylation 
of desmethylisoaureothin (III). As is shown 
in Table I, aureothin (1) was obtained only 
when the diazomethane solution was added 
very gradually. Accordingly, the reverse iso- 
merization reaction was also 
factorily. 

From these data the structural correlation 
of aureothin (I) and isoaureothin (II) was 
confirmed. It is also indicated that the des- 
methyl derivative of aureothin does exist in 
solution as a tautomeric mixture of Illa and 
Ii7y°>. Desmethylaureothin (IIl7) has not 
been known so far, since its concentration in 
solution is presumably very small as compared 
with that of the stable isomer, desmethyliso- 
aureothin (IIIa). 

Moreover, the present results support the 
conclusion’? that desmethylisoaureothin has the 
structure IIIa@ also in the solid state, since the 
methylation reaction was carried out for the 
ether suspension of desmethylisoaureothin*”. 

The skeletal structure of aureothin (I) thus 
being established rigorously, emphasis must be 
given for the structural peculiarity of this com- 
pound. Aureothin has a nitro group which is 
as yet a rather rare function in natural pro- 
ducts. Only few other examples were known, 
including chloramphenicol’, hiptagenic acid’, 
azomycin’~’, and aristolochic acid' Among 


solved  satis- 


51 If Illy does not exist in solution, aureothin (1) will 
not be obtained and the sole product, independently of the 
reaction condition, will be II, since I is considered to be 
produced only through III; in the above mechanistic 
scheme. 

52 It seems reasonable to assume that the equilibrium 
A—OH = G—OH is not held in the solid state. If the 
crystal consists from the less stable G—QOH, the tauto- 
mer is first formed when the crystal is dissolved into 
solution must be G-—OH. The next step of the reaction 
will be either the methylation of this newly formed G 
OH to G—OCH, or its rearrangement to the more stable 
A--OH. Since G—OH is methylated more rapidly than 
A—OH, when the methylation takes place immediately 
by the addition of the concentrated diazomethane solu- 
tion, the methylation reaction should occur preferentially 
and the rearrangement reaction will lag behind, so that 
diazomethane will have little chance to react with A 
OH In this case, therefore, the percentage of the less 
stable methyl ether, G—OCHsz, will increase in the over- 
all product, when the concentrated diazomethane solution 
is added rapidly. This is quite contrary to the observed 
tendency The method used in Ref. 53 may generally be 
utilized to show which possible tautomeric structure is 
represented by the crystals Several applications have 
recently been reported. See Refs. 54—59 

53) Ref. 16, p. 217 and 239. 

54) F. Arndt, L. Ergener and O. Kutlu, Chem. & Ind., 
1950, 565 

55) L. Ergener, Rev. faculte i. univ. Istanbul, AS, 96, 
103 (1950). 

56) F. Arndt, L. Loewe, R. Un and E. Ayca, Ber., 84, 
319 (1951 

57) F. Arndt, L. Loewe and E. Ayca, ibid., 84, 329 (1951). 
58) F. Arndt, L. Ergener and L. Kutlu, Chem. Ber., 86, 
951, 957 (1953 

59) Ref. 17, pp. 290, 291 and 294. 

60) M. C. Rebstock, H. M. Crooks, Jr., J. Contoulis and 
Q. R. Bartz, J. Am. Chem. Soc., 71, 2458 (1949). 


61) C. L. Carter and W. J. McChesney, Nature, 164, 575 
(1949). 
62) S. Nakamura, Pharm. Bull., 3, 379 (1955). 
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them, aureothin is the third nitro compound ob- 
tained from nature’. Moreover, aureothin has 
the substituted 2-methoxy-7-pyrone structure. 
All other methylated 2,4-pyronones which 
have so far been encountered in nature are 
4-methoxy-a-pyrones, such as yangonin'!?)-9'9!), 
anibine’ ’, 4-methoxyparacotoin ’ and 5, 6- 
dehydrokavain 


Experimental 


6-Methy!-2,4-pyronone (VII). 6-Methyl-2, 4- 
pyronone was prepared from dehydroacetic acid 

Methylation of 6-Methyi-2,4-pyronone. About 
100 ml. of a dilute ethereal solution of diazo- 
methane prepared*? from 10g. of nitrosomethyl- 
urea was added, with vigorous Stirring, to a 
suspension of |g. of 6-methyl-2, 4-pyronone (VII) 
in dry ether over various periods. All traces of 
atmospheric moisture were excluded and the tem- 
perature of the reaction mixture was maintained 
at 1O~15-C during the addition of the diazomethane 
After all the diazomethane had _ been 
about one 


solution 


added, stirring was continued fot 


hour. All solids gradually dissolved, and finally 
a light yellow solution was obtained. The resulting 
mixture was evaporated to dryness in vacuo. The 
solid was then extracted with seven 50 ml. portions 
of petroleum ether (b.p. 30~60C). A smail 
amount of a dark sticky solid remained. The com- 


bined extracts were filtered to remove any insoluble 


impurities and were again evaporated to dryness 
in vacuo. The crystals thus obtained were dried 
in a vacuum desiccator over calcium chloride. The 
procedure for the separation of the two isomeric 
methyl ethers was the same as that described 
by Chmielewska et al.’ The above crystals were 
dissolved in 50 ml. of anhydrous ether and the 
solution was cooled below 0 C and was treated with 
dry hydrogen chloride. The insoluble hydrochloride 
of VII; separated immediatel 


dried The isomeric VIII emained in solution 


vy and was filtered and 





and was obtained after evaporation of the solvent. 
The crude 6-methyl-4-methoxy-a-pyrene (VIIIa) ex- 
hibited m.p. &84~88 C. 
petroleum ether gave pure material, m. p. 87~88 € 
The hydrochloride of VIIly was suspended in an- 
hydrous ether, and about 0.5 ml. of diethylamine 
was added and the mixture wi 
Insoluble diethylamine hydrochloride was then 
filtered and the evaporation of the solvent gave free 
6-methyl-2-methoxy-7-pyrone (VIII;) m.p. 88 
93 C. After recrystallization from petroleum ether 
it melted at 94~95-C. 

The product proportions shown in Table I are 
calculated the total weight of 
the methylated products isolated, data of which are 
listed in Table II. 


> » + liontian 
Recrystallization fron 


S set aside overnight. 





is the percentage ol 


63) M. Pailer, L. Belohlave and E. Simonitsh, Monatsh 
87, 249 (1956 

64) Y. Hirata, K. Okuhara and T. Nait Nature, 173, 
1101 (1954 


65) W. B. Mors, O. R. Gottlieb and C. Djerassi, J. An 
Chem. S 79, 4507 (1957) 

66) O. R. Gottlieb and W. B. Mors, J. Org. Chem., 24 
17 (1959 

67 J. Collie, J. Chem. Soc., 59, 607 (1891). 
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TABLE If. PRODUCT YIELDS OF DIAZOMETHANE 
METHYLATION OF 6-METHYL-2,4-PYRONONE 

(VIL) 


Product yields 
mg 


The time required 
for the addition of 
the diazomethane 


solution VII; Villy 


Solvent 


Very rapidly Ether 0 600 
4 hr Ether 180 550 
8 hr. Ether 190 430 
18 hr Ether 250 500 
Very rapidly Acetone 0 400 
4 hr. Acetone 120 330 


Table II includes some additional data of the 
methylation in acetone solvent. The results are 
essentially the same with those in ether except for 
the recovery of about 300mg. of the unchanged 
Starting material (VII 

Methylation of Desmethylisoaureethin (II). 
To a suspension of 870 mg. of desmethylisoaureothin 
(111) in 30ml. of dry ether was added, dropwise. 
50 ml. of ethereal diazomethane solution prepared* 
from 1g. of nitrosomethylurea over a period of 18 


hr. with vigorous stirring. During this period, 
the temperature of the reaction mixture was main- 
tained at 1O~15-C and all traces of atmospheric 
moisture were excluded. After all the diazomethane 


solution had been added, stirring was continued for 
ne 


filtered and washed with three 10 m!. portions ot 


hr. The light yellow crystalline solid was then 


ether. The ether washings were combined with the 
filtrate. The solid separated was recrystallized from 
and t 


ethanol was obtained 620mg. of iso- 





aureothin (1 ght yellow needles, m.p. 146 
147 CC,  undepressec 


sample 


upon admixture with an 
authentic 

it is interesting to note that aureothin does no 
form a hydrochloride, though it has a ;-pyrone 
structure. Therefore, two tsomeric methyl ethers 
1 and Ii, were separated by fractional crystallization 


} 


from ethanol. Thus, the above ether filtrate and 


washings were combined and were evaporated to 
dryness in vacuo. Recrystallization of the resulting 
solid from ethanol gave a mixture of crystals of 
yellow prisms and of a small amount of light 
Two additional recrystallizations 
yellow 


yellow needles 
from ethanol gave 10mg. of aureothin (1) 


p. 152~153-C, undepressed upon ad- 


prisms, m. 
mixture with an authentic sample. 


The author is indebted to Professor Yoshi- 
masa Hirata of this University for his valuable 
discussions and encouragement during this 
investigation. The author wishes to express his 
gratitude to Mr. Sho Takahashi for technical 
assistance in some of the experiments reported 
here. He is also grateful to Mr. Kiyoyuki 
Yamada for kindly calling the Professor 
Chmielewska’s paper to his attention. 
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Correlation of Reaction Rates and Product Stabilities. II". 
The Methylation of Pyronones with Dimethyl Sulfate?» 


By Hisao NAKATA 


(Received March 22, 1960 


In the previous paper” of this series it was 
reported that the methylation of desmethyl- 
isoaureothin (Illa) with diazomethane under 
a certain specific experimental condition af- 
forded both aureothin (I) and _ iscoaureothin 
(II). The product proportion of the two 
isomeric methyl ethers, viz., I: II], was 1:60. 
A more effective methylation reaction leading 
to a high yield of aureothin is necessary for 
preparative purposes since the transformation 
would be involved in the final stage of the 
total synthesis of aureothin. 


O OCH 
CH CH CH CH 
R“ O OCH Ry OvxO 
(1) Aureothin (Il) Isoaureothin 
O OH 
CH \ ACH CH CH 
R”“-O’:OH R -O”’°O 
(1117) (Illa) 
Desmethylaureothin Desmethylisoaureothin 
CH; 
R NO, CH=C-CH=C —CH 
H.C CH 
O 


The present investigation is concerned with 
an experiment on the methylation reaction of 
enolate anions of 2,4-pyronone derivatives, 
the reaction that was chosen for scrutiny for 
reasons given in the following section. It was 
shown that the methylation with dimethyl 
sulfate was successful, and that aureothin was 
obtained from desmethylisoaureothin in fairly 
good yield. However, the product proportions 
of both isomers obtained were incompatible 


with those predicted by the general rule of 


this type of reaction. The scope of the reac- 
tion and some theoretical implications of the 
results are briefly discussed. 


1) Part I of this series, H. Nakata, This Bulletin, 33, 
1688 (1960). 

2) Structure of Aureothin. IX. Part VIII of this 
series Ref. 1 

3) Presented at the 12th Annual Meeting of the 
Chemical Society of Japan, Kyoto, April, 1959. A _ preli- 
minary communication of a part of this work has also 
appeared See, H. Nakata, S. Takahashi, K. Yamada 
and Y. Hirata, Tetrahedron Letters, No. 16, 9 (i959). 


Theory of Kinetically Controlled 
Methylation 


The previous investigation’ on the tauto- 
merism of several 2, 4-pyronones indicates that 
the a-pyrone derivatives are generally more 
stable than the isomeric 7-pyrone alternatives. 
This is well exemplified by the fact'» that 
isoaureothin (II) and desmethylisoaurecthin 
(Illa) are, respectively, more stable than 
aureothin (I) and desmethylaureothin (IIT7.) 

Because of this stability sequence of I and 
II, no equilibrium-controlled methylation 
reaction of either III7 or IIla@ is expected to 
afford less stable aureothin (I) predominantly, 
since in the equilibrium-controlled reaction the 
proportion of the products is a function of 
only their relative stabilities, and is completely 
independent of reaction mechanism and rate. 
On the contrary, in a kinetically controlled 
reaction relative yields of the products depend 
only on the relative rates at which they are 
produced, and are independent of their relative 
stabilities. Accordingly, an appropriate kine- 
tically controlled reaction must be employed 
for the purpose of obtaining aureothin (1) in 
comparatively high yield. 

Even in the kinetically controlled reactions, 
however, there are many instances in which 
the most stable products are formed at the 
most rapid rates, and the kinetic control and 
the equilibrium-control of the reaction fre- 
quently give similar product proportions. The 
reactions of this type are in most cases endo- 
thermic processes where the products. will 
provide the best models for the transition 


4) For summaries of existing data on the tautomerism 
of several 2,4-pyronone derivatives, see Ref. | and re- 
ferences cited therein. 

5) Y. Hirata, K. Okuhara, H. Nakata, T. Naito and K. 
Iwadare, J. Chem. Soc. Japan, Pure Chem. Sec. (Nippon 
Kagaku Zasshi), 78, 1700 (1957). 

6) Ingold and his co-workers 

thermodynamically controlled reaction” 
* equilibrium-controlled reaction ” 

7) A. G. Catchpole, E. D. Hughes and C. K. Ingold, 
J. Chem. Soc., 1948, 11. 

8) C. K. Ingold, * Structure and Mechanism in Organic 
Cornell University Press, New York (1953), 


have used the term 
instead of 


Chemistry” 
pp. 565, 

9) D. J. Cram and G. S. Hammond, *“‘ Organic Chemi- 
stry ’’, McGraw-Hill Book Co., Inc., New York (1959), p 
192. 








1694 Hisao NAKATA 


State of the reaction’ ’ These reactions are 
usually associated with the production of un- 
stable intermediates from stable starting sub- 
stances. 

On the other hand, if starting substances 
are of highly reactive unstable species, a dif- 
ferent situation occur The unstable reactant 
may probably be destroyed in a very fast, 
exothermic reaction. The activation energy is 
correspondingly rather small and the transition 
state of the reaction may resemble the reactant 
closely'”» in topology and in geometry 

When the reactant possesses two different 
reactive positions, its reaction at one or the 
other of its reaction centers will give two 
isomeric products. As is seen in ambident 
ions', such a dual reactivity is best attained 
when the reactant is an ion, the ionic charge 
of which spreads over a conjugated system 
covering these two reaction centers'®'”. More- 
over, the destruction of unstable organic ions, 
e.g., carbonium ions or carbanions, may be 
an exothermic process’ Thus, of particular 
importance for the reaction in question will 
be the fact that the reactant has ionic, con- 
jugatively delocalized electrons distributed 
between its two reaction centers. Such struc- 
tural requiremenis provide the reactant, not 
only with a dual reactivity, but with an en- 
hanced reactivity as well. 

Since the transition states leading to the 
two products in these reactions have considera- 
ble resemblance to the common starting ion, 
it might be expected that they would resemble 
each other more than do the two isomeric 
products’. Therefore, the less stable isomer 
will be obtained in a higher percentage in the 
kinetically controlled reaction than in the 
equilibrium-controlled one. 

10) G. S. Hammond, J. Am. Chem. Soc., 77, 334 (1955). 
11) J. E. Leffler, Scien 117, 340 (1953) 
12) The terms topology and geometry of the transition 
state'!» * have been defined previously’’, differentiating 
from the term sfructure of reactants or of products. The 
topology represents the linkage of atoms of the reacting 
molecules in the transition state, and may correspond tothe 
constitution of the molecule in the static state. The geo- 
metry represents the spacial orientations of atoms of the 
reacting molecules in the transition state, and may cor- 
respond to the configuration and the conformation of the 
molecule in the static state The topology and the geo- 
metry reflect the dynamic aspect of molecules 

13) J. E. Leffler and E. Grunwald, in S. L. Friess and 

A. Weissberger ed., Technique of Organic Chemistry” 

Vol. VII!F Cinvestigation of Rates and Mechanism of Re- 

actions), Interscience Publishers Inc New York (1953), 

p. 326 and 329 

14) J. E. Leffler The Reactive Intermediates of Organic 

Chemistry”, Interscience Publishers., Inc., New York (1956), 

p. 116 

15) N. Kornblum, R. A. Smiley, R. K. Blackwood and 

D. C. Iffland, J. Am. Chem. Soc., 77, 6269 (1955). 

16) A. N. Nesmeyanov and M. J. Kabachnik, Zhur. 

Obshchei Khim., 25, 41 (1955) 

17) A. N. Nesmeyanov and M. I. Kabachnik, Experientia, 

Suppl., No. 2, 49 (1955) 


18) J. Hine, ‘Physical Organic Chemistry’ 
Hill Book Co., Inc., New York (1956), p. 232. 


’, McGraw- 





Consequently, the foregoing discussion leads 
to the conclusion that the following set or 
conditions is required for a given reaction in 
which the less stable isomeric product is 
obtained preferentially. 

1) The reactant must have two different 
reactive positions mutually conjugated. The 
reaction upon these affords the two isomeric 
products. 

2) The reactant must be a highly reactive 
unstable species so as to make its reaction 
exothermic. 

3) The reaction employed must be kinetically 
controlled. 

In the present case, methylation of the 
sodium salt of desmethylisoaureothin seems to 
be advantageous for the following three reasons. 

1) As is the case in other enolate ions of 
3-dicarbonyl derivatives, the anion of the salt 
will probably have the structure IV in which 
the ionic, conjugatively delocalized electrons 
are distributed over the pyronone skeleton 
including the two exocyclic oxygen atoms, O 
and Os. The methylation reaction at one or 
the other of these oxygens will give either of 
the two isomeric methyl ethers, viz., I or II. 


ra) Oz 
" CH, CH, {| CH CH, ¢, CHs 
NO CH=C- CH=C—CH, ~y A C oA 
. cua a a oF 
H2( = 0”\o cs *o, 


(IV) Enolate ion of desmethylisoaureothin 
2) Although the sodium salt of desmethyl- 
isoaureothin is prepared easily and is considera- 
bly stable in alkaline solution’’'?, the enolate 
ion is at any rate a kind of organic ion, and 
it will have an enhanced reactivity towards 
any electrophilic reagents’. As in ionic in- 
organic reactions the destruction process of 
such a reactive ionic species is expected to be a 
very fast and, presumably, exothermic reaction. 

3) Since the methyl ether groupings of 
aureothin (I) and isoaureothin (II) are rela- 
tively stable in neutral or in weakly alkaline 
mediums”, no demethylation reaction of either 
compound will take place under such mild 
conditions. Therefore, if the methylation 
reaction is carried out under these conditions, 
it will be an irreversible, and thus will be a 
kinetically controlled process. 

The next problem was to decide the actual 
experimental conditions, i.e., the reagent, the 


19) K. Yamada, H. Nakata and Y. Hirata, J. Chem. Soc. 
Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 81, 340 
(1960 

20) It should be noted that generally there is no neces- 
sary relation among the synthetic ease of the compound, 
its reactivity, and its stability 

21) G. W. Wheland, “Advanced Organic Chemistry” 
2nd Ed., John Wiley & Sons Inc., New York (1949), p. 366. 
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solvent, and the reaction temperature, of the 
methylation. 

In general the alkylation of 5-diketones and 
8-keto-esters is complicated by the pos- 
sibility that the alkyl group may be introduced 
either on an oxygen atom (O-alkylation) or 
on a carbon atom (C-alkylation). As is ex- 
pected from the structural formula IV, the 
pyronone enolate ion has at least three reactive 
positions of C;, O; and O:. For the present 
purpose the predominant O-alkylation is de- 
sirable and the methylation at the carbon 
atom C; must be avoided. 

The most important 
nature of oxygen versus carbon alkylation is 
the electrophilicity of the alkylating agent. It 
has been reported'’*'? tha 
between oxygen and a 
ionized, e.g., in a typical sodium enolate, a 
cationic reagent having a strongly electrophilic 
character will react preferentially at the oxygen 
atom. This can be generalized'» in the fol- 
lowing way. In the reaction of an ambident 
ion, the greater is the electrophilicity of the 
reagent, the greater is the preference for 
covalency formation with the atom of higher 
electronegativits 

Of available methylating agents, dimethyl 
sulfate was preferred to methyl iodide on this 








factor affecting the 


when a_ bond 


metal is strongly 


22) The alkylation of ambident anions has been discus- 
sed comprehensively but in a completely different way by 
Brandstrom : 


23) A. Brandstrém, Arkiv Kemi, 6, 155 (1953 
24) <A. Brandstrém, Arkiv Kemi, 7, 81 (1954) 


25) Some typical examples are found in the litera- 
ture-° 
oO 
( ) 
) OCH 
O O 
CH 
Ch 
) 
U 
0 OCH 
¢ CH;).SO ) 
[ = 
oO COOCGH 0 COOC.H 
100 
CH 
6  ~COOC.H 
Hl 14 
O COOC,H 8) 
»28 
CH 
COOC.H 


CN~+(CH;).SO,-~CH;—CN(75% )+CH;—NC(25%) 
CN~+CH,I--CH CN(100%) 
{NO.—+(CH;).SO,>~CH;—NO2(25% )+CH;—ONO(75%) 
NO.©+CH,;I-CH,—NO,(100%) 

26) H. Stetter and W.:Dierichs, Chem. Ber., 8§, 61 (1952) 
27) K. Auwers, Ber., 45, 994 (1912 

28) K. Auwers, Ann., 393, 338 (1912) 

29) A. Williamson, J. prakt. Chem., |1), 61, 60 (1854). 
30) F. Kaufler and C. Pomeranz, Monatsh. 22, 495 
1901) 

31) V. Meyer, Ann., 171, 33, 35 (1874 
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basis. The fact’? that dimethyl sulfate usually 
attacks the more electronegative atom of am- 
bident anions reveals the strongly electrophilic 
character of the reagent 

In the reaction of IV.with dimethyl sulfate, 
the magnitude of the anionic charge will be 
more or less reduced as the reaction proceeds. 
Therefore, the less polar solvent, and thus the 
having a smaller Y-value’’**?, may 


Anhydrous acetone 


solvent 
promote the reaction’ 
is considered to be a good solvent in this 
connection Furthermore, acetone 1s an 
aprotic solvent and may prevent solvolytic 
decomposition of dimethyl sulfate. 

The reaction temperature should be low 
enough to keep the reaction condition mild 
and less drastic. This is a direct consequence 
of the requirement that the methylation reac- 


tion must be kinetically controlled 


Results 


The sodium salt of desmethvlisoaureothin 
was prepared by dissolving the enol IIa 
into 2N sodium hydroxide solution, and was 
separated as light yellow needles. The salt 
had no distinct melting point and decomposed 
at about 207~210°C without melting. It was 
insoluble in non-hydroxylic solvents such as 
benzene. 


character of the salt°* 


These properties indicated the ionic 


as was formulated in IV. 


32) Nesmeyanov and Kabachnik?*: also reported that 
dimethyl sulfate has greater electrophilicity than methyl 
iodide 


E. Grunwald and S. Winstein, J. A Chem. So 
70, $46 (1948). 
34) A.H. Fainberg and S. Winstein, ibid., 78, 2770 (1956). 


35) Ref. 8, pp. 345~355 
36) A. E. Remick, “ Electronic Interpretations of Orga- 
1ic Chemistry *’, 2nd Ed., John Wiley & Sons Inc., New 
York (1949), pp. 272~284 
37 The selection of acetone as a solvent might give rise to 
slight disadvantage to the preferential O-alkyl yn 
As was reported in Ref. 38 recently, however, this 





is not necessarily the case. 

38 D. Y. Curtin and R. R. Fraser, J. Am. Chem. Soc., 
80, 6016 58 

9) L. P. Hammett, “Physical Organic Chemistry” 
McGraw-Hill Book Co., Inc., New York (1940), p. 2388. 
40 Selectivity of oxygen versus carbon alkylation may 
probably be affected by temperature The corresponding 
rate equation becomes In(h ) ISH */RT)+(54S*/R). 
where 1JH* = 4H,*—1H-.* and Ss 1S.7 S.*, the 
subscripts o and c referring to O- and C-alkylation, re- 


I, 


pectively In the present case, k./s vill presumably 


decrease with the increase of the reaction te 





perature 





since the choice of the reagent would enable one to 
‘ssume JH,* <4H Accordingly, the low temperature is 
favored Dewar has suggested that for very reactive 


If this 
vill have a rela- 





cationic reagents the quantity 41H* will be sn 





is actually the case, then the selecti 
tively small temperature dependence. For further detailed 
discussion and criticism of Dewar’s argument, see Ref. 23. 
41) M.J.S. I 
Chemistry”’, € 
104 

42) Sidgwick and Brewer 


war, “‘ The Electronic Theory of Organic 
1949), p. 








xford University Press, Lor 


have classified many alkali 


netal derivatives of s-dicarbonyl compounds into salts 
und covalent compounds from observations of melting point 
ind of solu 

43) N. V M. Brewer, J. Chem. Soc., 





1925, 2379 
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Solvent 


HWla-sodium salt Acetone 
Ila-sodium salt Acetone 
Ila-sodium salt--K2:CO Acetone 
IIa-sodium salt+K.CO, Acetone 
Ila—-K.CO Acetone 
Ila] K.CO Acetone 

a Data from the infrared analysis. 

b Recovery of added I was estimated as 83 


mental section. 


TABLE II. 
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METHYLATION OF DESMETHYLISOAUREOTHIN (IIla@) WITH DIMETHYL SULFATE 


koa yield Product proportions 
hr. ¢ , 
I II 
6 62 41 59 
5 63 27 73 
6 41 38 62 
6 68 298 71 
6 46 188 82 
6 72 16 84 


from a separate experiment. See experi- 


METHYLATION OF 6-METHYL-2,.4-PYRONONE (V) AND OF 4-HYDROXYCOUMARIN (VI) 


VITH DIMETHYL SULFATE 


Solvent refluxing yield. ~—--~Product proportions 
hr. y ” 

i) 6-Methyl-2,4-pyronone (\ Vilz Vila 
V-sodium salt ~K.CO Acetone I 58 0 100 
V-sodium salt-K.CO Acetone 6 35 0 100 
V-sodium salt~K.CO Ether 6 26 0 100 
V-tr ethylammonium salt 

K.CO Acetone 6 34 0 100 
V-silver salt~K.CO Acetone 6 16 0 100 
V-K.CO Acetone 6 69 0 100 
V-sodium salt— VII7y+K.CO Acetone 69 0 100 
V-sodium salt VII7y ~K.CO Ether 6 36° 0" 100 

11) 4-Hydroxycoumarin (VI VII; Villa 
Vi-sodium salt~K.2CO Acetone 6 85 0 100 

a) A small amount of V was recovered. 
b) Recovery of added VII7 was 90 


c) About 40% of V was recovered unchanged. 


d) Recovery of added VII7 was 71° 


Since the sodium salt was practically in- 
soluble in anhydrous acetone the methylation 
reaction was first attempted in water-acetone 
mixture (4:1) at O°C for 1.5 hr. Under these 
conditions, however, only the starting material 
Illa was recovered unchanged. Consequently, 
it seemed desirable to employ the more forced 
condition. Thus, the salt was suspended in 
anhydrous acetone and the mixture was refluxed 
with dimethyl! sulfate for 6hr.‘?. Upon em- 
ploying the fractional crystallization of the 
resulting mixture, there were actually isolated 
both aureothin (I) (25% yield) and isoaureo- 
thin (II) (37% yield). 

This result provided an additional and un- 
ambiguous evidence for the 
zation reaction? of 
derivatives into 


reverse isomeri- 
desmethylisoaureothin 
aureothin, and accordingly, 


44) Since the reaction was carried out in acetone suspen- 
sion, the selectivity of oxygen versus carbon alkylation 
might be afiected by the so-called heterogeneity fac- 
tor 


45) G. A. Russell, J. Am. Chem. Soc., 81, 2017 (1959) 
46) N. Kornblum and A. P. Lurie, ibid., 81, 2705 (1959) 


the structural correlation between them was 
rigorously established. 

As might be anticipated from the scrutiny 
for the reaction conditions discussed in the 
preceding section, the yield of the less stable 
isomeric methyl ether I was satisfactory in 
this methylation reaction. However, attention 
was called to the relative product proportions 
of both methyl ethers. 

The separation of two isomeric methyl ether 
derivatives of 2,4-pyronones is usually ac- 
complished by taking advantage of the fact 
that 7-pyrones form ether-insoluble hydro- 
chlorides''. In the present case, however, 
the hydrochloride of aureothin (1) could not 
be formed, and both isomers were separated 
by the fractional crystallization from alcohol. 

In order to determine more accurately, the 
relative amounts of isomeric I and II ina 


47) I. Chmielewska and J. Cieslak, Przemystl. Chem., 8, 
196 (1952). 

48) I. Chmielewska and J. Cieslak and T-Kraczkiewicz, 
Roczniki Chem., 3, 1009 (1956). 
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reaction mixture, it seems desirable to use an 
analytical technique by infrared spectra rather 
than the troublesome fractional crystallization. 
Essentially the same method as that described 
by Zimmerman and his co-workers > was em- 
ployed here. The method proved to be accurate 
to +2% of aureothin (note Table III in the 
Experimental Section for analysis of known 
mixtures of I and II). 

Repetition of the methylation experiments 
showed that the relative amounts of aureothin 
(1) were always less than those of isoaureothin 
(II) (Table I). This is incompatible with the 
general rule of the _ kinetically controlled 
reaction’*». The rule states that the less stable 
isomeric product is formed more rapidly from 
a given ambident ion, i.e., the less stable 
isomer should be obtained in a higher percen- 
tage over-all product. 

Since it appeared of interest to investigate 
further the general feature of this reaction, 
the methylations of 6-methyl-2, 4-pyronone 
(triacetic lactone, V)‘? and of 4-hydroxy- 
coumarin (VI) with dimethyl sulfate were 
examined. These compounds may probably 
serve as good models of desmethylisoaureothin 
(Illa). 6-Methyl-2, 4-pyrone (V) is expected to 
afford two possible isomeric methyl ethers, 
VIly and VIla, of which the latter is more 
stable Sim larly, 4-hydroxycoumarin (VI) 
will give both VIIIy and VIIIa. The method 
for quantitative separation of each isomeric 
methyl ether has been established'’*'?, utilizing 
the hydrochloride formation of VII7 and of 
VIIIl7. The results are shown in Table II. 


OH OH 
CH;’”*O’*O Oo Oo 
(V) Vi 


6-Methyl-2,4-pyronone 4-Hydroxycoumarin 


triacetic lactone) 


OH OCH 
CH;’*O”-OCH CH,;”*O’*O 
(VIIy) Vila 
6-Methyl-2-methoxy- 6-Methyl-4-methoxy- 
7-pyrone a-pyrone 
O OCH 
O-’ OCH; Oo oO 

(VIII) VIIa 


2-Methoxy-7-chromone 4-Methoxy-a-chromone 


49) H. E. Zimmerman, J. Am. Chem. Soc., 78, 1168 (1956). 
50) H. E. Zimmerman and H. J. Giallombardo, ibid., 
78, 6259 (1956). 

51) H. E. Zimmerman and T. W. Cutshall, ibid., 81, 4305 
(1959). 
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The most striking aspect of the results of 
the methylation experiments summarized in 
Table II is the exclusive formation of the more 
stable methyl ethers under all conditions. This 
is again quite contrary to the general rule of 
Ingold 

Prior to discussion of these contrasted resu 
of methylation reactions, an important point 
must be established. It is to demonstrate that 
the methylation reaction is undoubtedly a 


kinetically controlled process. If the reaction 


are, not kinetically, but equilibrium-controlled, 
the preferential formation of the more stable 
product is understandable, and the results are, 
of course, far from our problem. 

In order to test this possibility, the methyla- 
tion reaction of the sodium salt of V_ in 
acetone and in ether soivent was repeated in 
the presence of 6-methyl-2-methoxy-7-pyrone 
(VIIi7). From each run there was obtained 
nearly the same amount of VII as in the 
previous experiments and the added VIIy was 
almost quantitatively 
(Table II, footnotes b and d). If the methy- 

saction had been reversible, the less 
stabie, added VII7 would be converted into 
the more stable VIIa by demethylation, iso- 
merization, followed by re-methylation. How- 
ever, the recovery of VII7 and the material 
balance indicated that this was not the case. 
Therefore, the two possible products are not 
interconvertible under the reaction condition, 


and the possibility that the reaction might be 


recovered unchanged 


lation re 





»quilibrium-controlled process is rigorously 
Furthermore, it was also shown by 





5 nda 
CALIUULU, 


these experiments that the absence of VII7 in 
a reaction mixture was not due to decom- 
position of it during working-up processes. 
Some additiona! data on the exclusive forma- 
tion of the more stable methyl ether in 2, 4- 
pyronone derivatives are available from the liter- 
ature, though each reaction was not specified 


as a kinetically controlled process 


Discussion 


Ingold’s rule’ of the kinetically controlled 
reaction is acceptable for a wide variety of 
reactions including the recombination of allylic 





$2 Two tautomeric structures are possible 1ydroxy- 
couma As in her 2 yronone derivative , the a- 
c I e structure VI is more stable than the alternative 
“tc ro y © s icture 

53) F. Arndt, L. Loewe, R. Un and E. Ayca, Ber., 84, 
319 (1951). 

54 R. A. Abramovitch and J. R. Gear, C J. Chem., 
36, 1501 (1958). 

55) S. Janiszewska-Drabarek, Roczniki Chen 27, 456 
1953) 

56) W. Borsche and C. K. Bodenstein, Ber 62, 2515 
1929). 

57) I. Chmielewska, J. Cieslak, K. Gorczynska, B. Kon- 


tnik and K. Pitakowska, Tetrahedron, 4, %6 58). 








1698 Hisao NAKATA 


carbonium ions with anions, the protonation 

of anions of aliphatic nitro compounds, and 

those of! From the 
' 


present results, however, one might conclude 


s-dicarbonyl compounds. 


that the rule has not entirely general appli- 
cability. It will be of interest to re-examine 
the scope and limitations of the rule in connec- 
tion with the correlation between reaction 
rates and Phis point will 


be discussed in detail in a subsequent publica- 


product stabilities. 


} 


tion of t series, but a brief discussion is 


given here. 

ngold’s rule is based on the consideration 
that the licast 
into the energetically less different 
unstable isomeric product with a less drastic 


stable starting ambident ion is 


converted 


elecironic reorganization involving less activa- 
tion energy, than into the electronicalls and 
different stable 


This seems to be in accordance with 


energeiically very isomeric 
product. 
Hammond's postulate'’2, which states that an 
interconversion of two states will involve only 


a small rex 





rganization of the molecular struc- 
tures if these two states occur consecutively 
during a reaction process and have neariy the 
same energy content. 

In fact, in most reactions which have so far 
been associated with the rule, the structure of 


a given ambident ion has close resemblance to 


the less stable product. For example, the 
enolate ion of ethyl acetoacetate has a structure 
similar to that of the enol , and thus, 


treatment of it with dry hydrogen chloride 
actually gives almost exclusively the less stable 
enol 

If, however, the least stable ambident ion 
structurally resembles more the stable product 
than the unstable one, the reverse situation 
can occur; the most stable isomer will be 
formed more rapidly than the less stable isomer. 
The present results of the preferential forma- 
tion of the more stable methyl ethers in all 
reactions may be explicable if one considers 
that the structure of the pyronone enolate ion 
resembles more the structure of the more 
stable a-pyrone isomer than that of 7-pyrone 
isomer. The simple molecular orbital calcula- 
tion of the charge distributions in the pyronone 
enolate ion supported this consideration. The 
details will be reported in a forthcoming paper. 

Although the above formulation is in agree- 


ment with the orignial idea of Ingold and of 


Hammond, i.e., the less drastic the structural 


58) B. Eistert Tautomerie und Mesomerie ”’, Ferdinand 


Enke, Stuttgart (1938), p. 125. 

59) H. Henecka, “Chemie der Beta-Dicarbonyl-Verbin- 
dungen”’, Springer Verlag, Berlin (1950), p. 29 
60) W. Huckel, “* Theoretische Grundlagen der Organis- 






chen Chemie’, Vol. 1, 8th Ed., Akademische Verlagsgesell- 
schaft, Leipzig (1956), pp. 280 and 322. 

61) L. Knorr, O. Rothe and H. Averbeck, Ber., 44, 1143 
C1911). 
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change the less will be the activation energy 
of the reaction, it is worthy to note that the 
structure of the least stable ambident ion does 
not always resemble the structure of the less 
stable isomer. 

Finally, it may require comment as to why 
the structure of the ambident ion has resem- 
blance to the more stable isomer in the pre- 
sent special type of compound. Generally, the 
stabilities of two tautomeric substances depend 
on two competitive factors , 1. €., prototropic 
expenditure of work and _ electronic delocaliza- 
tion», the former being a dominant factor in 
On the contrary, in 
the a-pyrone-7-pyrone system, it seems reason- 


able to assume that this factor will be more 


most keto-enol systems 


or less of minor impertance, since both isomers 
of a given 2,4-pyronone have similar O-H 
functions. Therefore, the relative stabilities of 
the two isomers will probably be due to the 
electronic delocalization. This means that the 
more stable a-pyrone structure is more favor- 
able for the electronic delocalization than the 
less stable 7-pyrone structure. On the other 
hand, the electrons should be most favorably 
distributed in the pyronone enolate ion. Ac- 
cordingly, the structural resemblance between 
and the more stable a-pyrone isomer 


is expected to exist. 


the ion 


Experimental 


Sodium Salt of Desmethylisoaureothin (IIlla).— 
Desmethylisoaureothin (IIfa,) m.p. 196~198°C5 
(lg.) was dissolved in 30ml. of hot 2N sodium 
hydroxide solution. A clear brown solution was 
obtained. The crystals which separate on cooling 
were collected, washed with a small amount of 
cold alcohol, and dried. Light yellow needles. 
Yield 1.1 g. The salt had no distinct melting point 
and decomposed at about 207~210°C without 
melting. 

Methylation of Sodium Salt of Ila. — The 
sodium salt (1.1 g.) prepared from 1 g. of desmethyl- 
isoaureothin (He was suspended in 40 ml. of 
anhydrous acetone. Dimethy! sulfate (0.7g.) was 
added to the suspension and the mixture was 
‘fluxed for 6hr., and was then set aside over- 
night. The mixture was again warmed on water 
bath for 5min. and was filtered. By concentration 
of the filtrate to S5ml. in vacuo a yellow crystalline 
solid separated, which was filtered. Twice recrys- 
tallizations from alcohol gave yellow needles, m. p. 
146-C, undepressed upon admixture with an authentic 


62) F. Arndt and C. Martius, Anv., 499, 228 (1932). 
63) Ref. 59, pp. 1S~20. 

64) Ref. 60, pp. 301~313 

65) G. Briegleb and W. Strohmeier, Angew. Chem., 64, 
409 (1952 

66) in Arndt’s terminology , these are “ Prototropie’ 
(prototroper Arbeitsaufwand) and “ Enotropie”’ (elektro- 
merer Effekt), respectively. See also, Chem. Abstr., 217, 
2132 (1933). 

67) Ref. 21, p. 613. 
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sample of isoaureothin II. Yield 200mg. Spon- 
taneous evaporation of each mother liquor of this 
recrystallization gave 60mg. of brownish vellow 
prisms, m. p. 151~152-C, undepressed on admixture 
with an authentic sample of aureothin I. The 
infrared spectrum of this material was identical 
with that of I The above acetone filtrate was 
diluted with 30 ml. of water. The separated brown 
oil crystallized after 2 days. Recrystallization from 
alcohol gave additional 180 mg. of isoaureothin (II 


The mother liquor was evaporated as above, and 





205mg. of aureothin I, m.p. 150~151°C was 
obtained as browni yellow prisms. Total vield 
62 aureothin, 265mg.; isoaureothin, 380 mg 

When the reac mixture was refluxed for Shr., 
there was obtained 40mg. of I and 110mg. of Li 
from 230mg. of HI total yield 63 fn another 
run, the reaction mixture was refluxed with 2g. of 
anhydrous potassium carbonate. From !g. of the 
sodium salt, 150mg. of I and 250mg. of II were 
obtained (total yield 41 In each case, none ot 


terial of Ila was recovered. 





the starting n 
Attempt on Methylation of Sodium Sait of lila 
at Low Temperature.— The sodium sait of Ila 


(500 mg.) was dissolved in 25 ml. of water-acetone 





mixture (4: 1 This yellow solution was co 


below 0°C and 4 drops of dimethy! sulfate was 


added. The mixture was stirred for 30min. 

0-C and then for another 1 hr. at room temperature. 
The solution was concentrated to 10 ml. in vacuo 
and neutralized with dilute acetic acid. A preci- 


pitated yellow solid was collected and washed with 
cold water Recrystallization from alcohol gave 
yellow needles. m. p. 195~198°C, undepressed uj 
admixture with an authentic desmethyvlisoaureothin 
Ila. Recovery 230 mg 

Quantitative Infrared Analyses.—Essentially the 
same analytical technique as that described by 
Zimmerman and his co-workers*® was emploved. 


All spectra were measured as potassium bromide 


90n 


pellets. It was found that aureothin | exhibiied 
a sharp maximum at 1260cm 
0.5528; 1.05 mg.-sample) while isoaureothin II 


(optical density 


had a minimum at this frequency (optical density 

0.0603 ; 1.06 mg. -sample). The spectrum oi 1so- 
aureothin II possessed a sharp maximum at 1230 
cm optical density=0.3098; 1.06 mg.-sample 
while aureothin 1 had a minimum at this fre- 
quency (optical density=0.0969; 1.05 mg.-sample 

These two bands were well separated and were 
selected as the key bands for analysis. Desmethyl- 


Taste III. 


ANALYSIS OF KNOWN 


i. “% D,,' D,,' QO 
0.0 0.0603 0.3098 - 
4.0 0.2148 0.4200 0.194 

22.4 0.1939 0.2756 0.325 
30.6 0.2758 0.3189 0.508 
32.6 0.4560 0.4319 0.592 
41.9 0.3768 0.2677 0.902 
47.1 0.4322 0.2842 1.009 
61.4 0.6375 0.3100 1.786 
84.2 0.4684 0.1192 6.690 


100 


0.5528 0.0969 — 
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isoaureothin Hla had no intense band in the 
range 1300~1220cm 

The following equation was used R= Ox F. 
Here R is the ratio of aureothin I to tsoaureothin 


II, viz., R=1/Ul. 


D,,'D D.""D 


) 
e D,,"'D D,,’D,' 


The D,,’s, Dz’s and D;’s are optical densities of a 
given mixture, pure aureothin, and pure 


refer ft 
I 


thin, respectively. The superscripts refer to the 


analytical frequencies of 1260 (') and 1230 ( cm 
F was determined empirically from t 


Q and R for known mixtures as shown in Table 





Iii. The average value of F=0.848 was used in 


calculating the results in the last two columns of 
Table Ill. The optical densities used were calculated 
from the transmittances directly without any con- 
sideration of background absorptior 


In each case the unknown was prepared by grind- 


ing evenly the isomeric mixture with double portions 
of potassium bromide An appreciable amount of 
this well ground mixture was taken as an analytical 
i evenly with 150 


and the mix- 





sample. The sample was grou 


mg. of potassium bromide for 





ture was placed under 8ton cm- in a 1.30cm. 


diameier casing. The spectra were recorded on a 
Koken IR-S double beam instrument equipped with 
sodium chloride optics The optical density of all 
mixtures, known and unknown, was taken as zero 
at 1850cm The best results were obtained when 
the percentage transmission of both key bands of 
mixtures was in the range 25~80 Analyses were 
made in duplicate in nearly all experiments 
Repetition of the Methylation Experiment. 

Desmethylisoaureothin III was converted into 
its sodium salt (from 400 mg. of III The salt 
was suspended in 25 ml. of dry acetone. Nine drops 
of dimethyl sulfate and 2g. of anhydrous potassium 
carbonate were added and the mixture was refluxed 


for 6hr. The reaction mixture was worked up as 


in the foregoing experiment. There was obtained 
280 mg. (total yield 68 of isomeric mixture, 
which was used for infrared analysis. 

No. 1 Dy»,'=0.2148, D,,''=0.2365, Q=0.474, 


Caled. R=0.402, Calcd. 1 ©, =28.6 
Nd. 2. Dy,;'=0.5688, D, 0.6196, Q=0.483, 
Caled. R=0.409, Caled. I 29.1% 


Average I %,=28.9 


MIXTURES OF AUREOTHIN AND ISOAUREOTHIN 


Actual Caled. Caled Caled. 
R F R I, 


0.163 0.836 0.165 4.2 
0.289 0.889 0.275 21.6 
0.439 0.864 0.432 30.2 
0.485 0.820 0.502 33.4 
0.72 0.800 0.765 43.3 
0.889 0.889 0.856 46.2 
1.595 0.894 1.335 60.3 
5.300 0.793 5.671 85.2 
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The infrared spectrum of this mixture did not ex- 
hibit a band at 1195cm indicating the absence 
of Ile. 

Methylation of Illa with Dimethyl Sulfate and 
Potassium Carbonate. A solution of desmethyl- 
isoaureothin Illa in anhydrous acetone (500 mg. 
in 30 ml.) was refluxed with 20 drops of dimethyl 
sulfate and 2g. of potassium carbonate for 6hr. 
The resulting yellow solution was evaporated to 
dryness in vacuo. A _ yellow crystalline solid was 
obtained. Three recrystallizations from alcohol 
gave 150mg. of pure isoaureothin II. From 
mother liquors of the recrystallization, there was 
isolated 90mg. of isomeric mixture, which was 
subjected to infrared analysis. 


No. | D 60.2923, D,''=0.1937, Q=1.071, 
Calcd. R=0.909, Calcd. I % =47.7 

No. 2 D 0.4202, D,,''=0.2679, Q=1.062, 
Caled. R=0.900, Calcd. I ¢4=47.3% 
Average I % =47.5% 


The infrared spectrum of this mixture did not 
exhibit a band at 1195cm~', indicating the absence 
of Illa. Therefore, the total yield was 4625, 43 mg. 
of I and 197 mg. of II. 

Methylation of IIIa in the Presence of I.- 
Desmethylisoaureothin (Illa) (300 mg.) was methy- 
lated as above in the presence of 200mg. of 
aureothin (I). There was isolated 390 mg. of iso- 
meric mixture, which was subjected to infrared 
analysis. 


No. | D,,'=0.4953, D 0.2840, Q eB 
Caled. R=1.062, Calcd. I %=51.4% 

No.2 D 0.2365, D,,''=0.1367, Q=1.236, 
Calcd. R=1.049, Calcd. I 9=51.2 
Average I % =51.3% 


The infrared spectrum of the mixture did not 
exhibit a band at 1195cm~', indicating the absence 
of Illa. The analysis showed that the mixture 
contained 202mg. of I and 188mg. of II. Ina 
separate experiment, 200 mg. of I alone was treated 
under the same reaction condition as above. It 
resulted in 83% recovery (165mg.) of I. Thus, 
the actual methylation products were 37 mg. of | 
and 188 mg. of II. Total Yield 72%. 

6-Methyl-2,4-pyronone (V).-— 6-Methyl-2,4-pyro- 
none was prepared from dehydroacetic acid®»). 

Sodium Salt of 6-Methyl-2, 4-pyronone. — The 
general procedure for preparation of sodium salts 
of 5-dicarbonyl compounds was used®™. Alcoholic 
sodium ethoxide solution prepared from 0.5g. of 
metallic sodium and 1I5ml. of ethanol was added 
to a solution of 3g. of V in 30ml. of ethanol. 
The mixture was concentrated to 20ml. in vacuo 
and then 100ml. of ether was added. The pre- 
cipitated white solid was collected, washed with 
acetone, and dried. Yield 2.5g. 

Methylation of Sodium Salt of V in Acetone.— 
One gram of the sodium salt and 2g. of anhydrous 


68) J. Collie, J. Chem. Soc., 59, 607 (1891). 
69) S. M. McElvain and K. H. Weber, J. Am. Chem. 
Soc., 63, 2192 (1941). 
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potassium carbonate was suspended in anhydrous 
acetone, and 1.8 ml. of dimethyl sulfate was added 
to the suspension. The mixture was refluxed for 
I hr. with occasional shaking. The reaction mixture 
was filtered while still hot, and the filtrate was 
evaporated to dryness in vacuo. The resulting 
solid was extracted with seven 50 ml. portions of 
petroleum ether (b. p. 30~60°C). A relatively large 
amount of dark solid remained. The combined 
extracts were filtered to remove any insoluble 
impurities and were evaporated to dryness in vacuo, 
and finally dried in a vacuum desiccator over 
calcium chloride. The crystalline solid thus obtained 
was dissolved in 50 ml. of anhydrous ether. The 
solution was cooled below O0°C and was treated 
with dry hydrogen chloride. None of the hydro- 
chloride of 6-methyl-2-methoxy-7-pyrone (VIIj7) was 
precipitated. After evaporation of the solvent 
crude 6-methyl-4-methoxy-a-pyrone (VIla) was ob- 
tained. Recrystallization from petroleum ether gave 
pure material, m.p. 87~88°C, undepressed upon 
admixture with an authentic sample Yield 550 
mg. (58 The above dark solid, which remained 
from the petroleum ether extraction, was again 
extracted with anhydrous ether. Treatment of the 
extracts with dry hydrogen chloride gave no pre- 











cipitate. 
In another run, after the filtration of the initial 
reaction mixture, the filtrate was concentrated in 
vacuo over |g. of freshly added anhydrous potas- 
sium carbonate to prevent any possible acid-catalyzed 
decomposition of VIly during the working-up pro- 
cess. The final results were essentially the same 
as those described above, and no VII; was obtained. 
When the reaction mixture was refluxed for 6hr., 
only Vila was obtained. Yield 330mg. (352%o). 
Methylation of Sodium Salt of V in Ether.—In 20 
ml. of anhydrous ether 1g. of the sodium salt and 
potassium carbonate was suspended, to which 
1yl sulfate was added. The mixture 
was refluxed for 6hr. After removing the potassium 
carbonate, the ether filtrate was treated with dry 
hydrogen chloride. No precipitate was formed. 
The solution was then concentrated in vacuo. Re- 
crystallization of the resulting solid from petroleum 
ether gave 250 mg. of VIla. Since V was sparingly 
soluble in ether, unchanged V remained in potassium 
carbonate residue. The above filtrated solid was 
dissolved in water and the solution was acidified 
with dilute sulfuric acid. A small amount of V 
separated as fine needles, m. p. 186~188 °C. 
Triethylammonium Salt of V. About 2 ml. of 
triethylamine was added to a solution of 1g. of V 
in 5ml. of ethanol. Evaporation of the solvent in 
vacuo gave a colorless oil. Attempts to crystallize 
the salt from the oil were unsuccessful, and the 
oil was used without further purification. When 
the oil was dissolved in water, the initial V was 


g. of 





a 
2g. of dimet 


precipitated as a white crystal. 

Methylation of Triethylammonium Salt of V. 
The above oily material (1g.) was methylated. 
The procedures used for separation and purification 
of products were essentially the same as those 
described above. Only VIIa was obtained. Yield 
210 mg. (34%). 

Methylation of Silver Salt of V.--The silver 


tv 


d 


nm 


—_ to = 
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salt of V was prepared according to the directions 
of Janiszewska-Drabarek Methylation was car- 
ried out as above. The yield was low, VIIa 150 
mg. (16%). 

Methylation of V with Dimethyl Sulfate and 
Potassium Carbonate.—In 115ml. of anhydrous 
acetone 850 mg. of V was dissolved. The solution 
was refluxed with 5g. of potassium carbonate and 
2ml. of dimethyl sulfate for 6hr. Concentration 
of the filtrate of the reaction mixture gave an oily 
material containing crystals The procedures for 
separation of the isomeric methyl ethers were es- 
sentially the same as those described above. Only 
Vila was obtained. Yield 650mg. (69%. 

Methylation of Sodium Salt of V in the Presence 
of VII7y.—The mixture of |g. of the sodium salt, 
100 mg. of 6-methyl-2-methoxy-7-pyronoe (VII7) 
2g. of potassium carbonate, and 2 ml. of dimethyl 
sulfate was refluxed in anhydrous acetone for 4hr. 
The filtrate of the reaction mixture was concenirated 
in vacuo and the resulting solid was dissolved in 
amount of insoluble 


60 ml. of dry ether. A small 
material remained and was discarded. The ether 
solution was cooled and was treated with dry 
hydrogen chioride. The hydrochloride of VII7 was 
precipitated immediately, and was collected and 
dried (120mg.). The isomeric VIla@ remained in 
solution and was obtained after evaporation of the 
solvent. Yield 650 mg. (69 The free VII7 was 
recovered from the above hydrochloride on treat- 
ment with diethylamine* 4 Yield 90mg. (re- 
covery 90%). 

In another run, the mixture of | g. of the sodium 
salt, 140 mg. of VII7, 2g. of potassium carbonate, 
and 2ml. of dimethyl! sulfate was refluxed in an- 





hydrous ether for 6hr. The ether layer of the 
reaction mixture was cooled and treated with dry 
hydrogen chloride. About 130 mg. of hydrochloride 
of VIly was obtained. This was transformed to 
free VIly as above. Yield 100mg. (‘recovery 71%). 
The ehter solution was concentrated and the solid 
thus obtained was recrystallized from petroleum 
ether. Yield 200mg. Vila 36 The filtrated 


potassium carbonate residue was dissolved in 20 ml. 
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ig with dilute sulfuric acid gave 


of water. Acidifyit g 
white needles, m. p. 187~189-C, undepressed upon 


with an authentic sample of V.  Re- 





admixture 


covery 350mg. (40 





4-Hydroxycoumarin (V1). Acetylaiion of 75g. 
of acetic anhydride 
} 


4 
in 20ml. of pyridine gave 80g. of methyl acetyl 


of methyl salicylate with 75g. 


Treatment of this methyl acetyl salicylate 


with 9.6g. of metallic sodium vielded 26g. of 
:' 
I 


salicylate. 

4-hydroxycoumarin (VI®, After recrystall 

from water it exhibited m. p. 204~205 ¢ 
Sodium Salt of 4-Hydroxycoumarin (VI). — 4- 


Hydroxycoumarin (VI) (4g.) was dissolved in 20 


ml. of ethanol and alcoholic sodium  ethoxide 
solution prepared from 0.5g. of metallic sodium 
and 10ml. of ethanol was added. 17 mixture 
was concentrated in vacuo to 15ml. and then 100 
ml. of ether was added. The precipitated white 
solid was filtered and dried. Yield 3.4¢ 
Methylation of Sodium Salt of VI.— One gram 
of the sodium salt of VI and 2g. of potassium 


¢ . scnean > ) 1 icCetane 
carbonate were suspended in anhydrous acetone, 


and the mixture was refluxed with 1.5ml. of 
dimethyl sulfate for 6hr. The acetone layer was 
treated as described in the literature O separate 
each isomeric methy! ether. Only 4-methoxy-a- 
chromone (VIIfa@) was obtained. m. p. 125~126 C 
Yield 810 mg. (85 


The author is indebted to Professor Yoshi- 
masa Hirata of this University for his valuable 


L 
discussions and encouragement during this 


investigation. The author also wishes to 
express his gratitude to Mr. Sho Takahashi 
for technical assistance in some of the experi- 


ments reported here. 
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The Transition Phenomenon of Unsaturated Polyester Resin 


By KOji TANAKA 


Received March 22, 1960) 


So far, the author has studied the relation- is scarcely found any paper describing at what | 
ship between the structure and the transition temperature and by what transition mechanism 
phenomenon of high polymers such as poly- such a change of property occurs. The dilato- 
ethylene and polyvinylalcohol by volume dilato- metric study by the authors showed that this | 
metry and the nuclear magnetic resonance ab- resin had two transition points of second order 
sorption method. As to polyethylene’, a and the upper transition temperature was 
crystalline polymer, investigation was made of charged by the amount of vinyl compound, and 
the effect of the degree of crystallinity and n addition it was investigated by nuclear 
of the degree of chain branching on its transi- magnetic resonance absorption method from 
tion temperature, and on polyvinylalcohol’? a what struct ture and molecular motion these 
study was made of the relationship between transition phenomena arose. 


the hydroxy! group and the transition pheno- 
menon. There is a report that the glass Experimental 


ransition temperature of non-crystalline poly- Samples.—MD-S-O: This sample was prepared 


I by mixing maleic anhydride and diethyleneglycol 
upon the degree of polymerization and that he mole ratio of 1 to 1 and by heating the mixture 


mer such as atactic polystyrene largely depends 








the mechanism of the transition phenomenon aut 180-C for six hours with stirring under nitrogen 
can be made clear from the standpoint of rate atmosphere. 
process. Unsaturated polyester resin (unsatu- MAD-S-O: This sample was prepared by mixing 
ated alkyd resin) crosslinked by a vinvl com- maleic anhydride, adipic acid, and diethyleneglycol 
pound is a non-crystalline polymer having a iM the mole ratio of 9 to 1 to 10 and by heating the 
three dimensional network. Iherefore it is prranstonrdagetinngedles ag ee ney ere 
ass eo ae nitrogen gas atmosphere. 
expected that the mechanism oi the transition These two samples were viscous liquids having 
phenomenon of the resin differs from that of no crosslinking structure and were used as starting 
non-crystalline polymer such as atactic polv- substances for the preparation of other samples, 
styrene, even if the polyester resin itself shows that is, all other samples were prepared by adding 
some transition phenomenon. styrene to MD-S-O or MAD-S-O in the ratio shown 
Polvester resin in a broad sense includes all in Table I and by heating at 80°C for three hours 
the high molecular compounds in which the between glass plates, and in addition after-cure 


treatmeni was performed at about 100°C for three 


ester linkage between the carboxyl group and : 
nours. 


the hydroxyl group is the principal element for 
e for ati 1 of a s0}lVme > 2¢e 

the formation of high polyn er. In the present TABLE 1. Tut 

paper, however, it stands for the polyester 

resin In a narrow sense; that is, the unsaturated 


AMOUNT OF STYRENE IN THE 


>AMPLES OF POLYESTER RESIN 


styrene > ratio of C=C 
polyester resin crosslinked by a vinyl compound , anyreme aoe au & © 
; : . Sample monomer group to styrene 
such as styrene and vinvlacetate. As is well wt. monomer 
known, the polyester resin has many good 

0 ari itt i h _—e rip — 

Oints in comparison with other synthetic 
in I - - Sle it | : I a i 1 nono ae gory 
esins. For example it excels in such chemica : 

: I ce 1 ech ehemiec MD-S-2 20.0 1: 0.45 
properties as resistance against acid, alkali, MD-S-3 70 0 1:0.77 
water, oil and organic solvent, as well as in ii ie os 
alec . , . MD-S-4 35.9 on 
electrical property. Above all arc resistance is . 1:0 

: ; ‘ XN S-( 0.0 - 
its distinguishing character. The completely 1AD-S ' 1:0.22 
3 ‘ . ; 0.0 odode 
crosslinked polyester resin is hard and brittle MAD-S-| an 1: 0.50 
‘ ? .( : 0.5¢ 
at room temperature and below at about —5°C MAD S = - fd > 
it becomes more brittle, but above 60°C it MAD-S-3 0.2 | ‘ 
. e Ai ) 2 
becomes abruptly flexible. It seems that there MAD-S-4 — ; " 
1) K. Tanaka, This Bulletin, 33. 1060, 1133 (1960 Volume Dilatometry.— The details about this 
2) K. Tanaka et al., This Bulletin, 29, 843 (1956); 30, procedure were omitted as they had been described 


197, 428 (1957) ’ 
1 alread arch od as a confining liquid 
3) T. G. Fox and P. J. Flory, J. Appl. Phys., 21, 581 already Mercury was used as a confining lig 


(i950). and the temperature range covered was from the 
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Temperature, ~¢ Fig. 3. The volume-temperature curves for the 
] AA 
, san s of MD serie 
Fig. 1. The density-temperature relationship ee ; 
of silicone oil. ; ‘ : 
comodate iquid. Temperature control 


was perto mnecting the Ostwald-type 





mercury r nicro relay in the range of 





i 0.05 degree. 
Dipping Liquid.—As a dipping liquid silicone oil 
. | _ was used. Its qualities were as follows: viscosity 
lt 10c.s. at 25°C, freezing point 65 C, boiling 
point 200°C, flash point 163°C, and thermal con- 
ica 7 ductivity 0.00032. 
Procedure.—The sample was connected to the 
balance with terylene fiber and dipped into silicone 
— —————— oil, and the density was measured in the tempera- 
ture range from room temperature to 120°C. The 
— temperature was raised five degrees at a time and 
, 15 min. were taken before every measurement 
‘ + Calculation.—The calculation of density at every 
a temperature, d; was performed according to the 
rr Wx following expression, 
_ : iu 
~ ve, 
are where W was the weight of the sample in air, W, 
se de = Pe - that in silicone oil and go; the density of silicone 
=" { ’ oil at the measured temperature. The density-tem- 
} == i perature relationship of silicone oil was determined 
|} LY ee ae by volume dilatometry in the temperature range 
from room temperature to 130°C and shown in 
7 "6 Fig. 2 
2a | ee i Nuclear Magnetic Resonance Absorption 
- Method. The usual apparatus consisting of an 
: autodyne oscillator, a lock-in-amplifier, and a re- 


, > TI : ° corder was used (Fig. 3). The field intensity was 
J > constitutic of the apparatu ) . - 
> oe ee ae about 3000 gauss. The sample was sealed in the 


nuclear magnetic resonance absorption. 


evacuated glass tube. 


freezing point of mercury to about 120°C. The 


bath temperature was varied about five degrees at Results 

a time and 20 min. were taken before every meas- 

urement in order to let the sample attain equilibrium Dilatometric study was perfomed for the 
aaa a eneoiat samples of MD series. Specific volume-tem- 


Hydrostatic Method of Measuring Density.- : ee 2 Sida Sones a ‘ 
Apparatus. — Balance. —An ordinary chemical- perature curves obtained are shown in Fig. 4. 
balance remodeled a little was used. (sensitivity In the figure MD-S-O’' is the sample MD s-O 
1/5 mg.) gelatinized by heating at 110°C for three days 

Thermostat.—The chrome-plated vessel with stirrer and MD-S-1' the sample MD-S-1 after-cured 
and two heaters of 500 W. was used. It could ac- at 100°C for a day. 








1704 KOji TANAKA [Vol. 33, No. 12 


ry 
ry 
» 
J 
c 
© 
3 


_ _ r 1.280 + > 
; a ~AY on ey 
2 12 ~. ~‘, . . . 
. MD-S-1 Se a i 
. . ~ 12 < 
ab Me a z ha ma 
ys! wn, a 2 . e ™ 
on > v a 19 . * ~ ™ } 
. ° > ~ “- = ™ ° i 
= 1240} ie 7 ~ MD-S ~ e ‘\" 
ee Sa *e _ ° the | 
4 ~, ~ 1,220+ ™ a. « “MAD S 1 
~~ . Re \ MAD-S-2 
, _ oe 
“A }. MD-S33 1,200: ~~ “s 
~ . 
~ “WX MAD-S-3 
ie . a 
~ MD-S-4 1,180 “a MAD-S 2 
L ; — 
a —~ 2 40 ~—«60 8 100 120 
Temperature, ( Temperature, ~C 
Fig. 4. The density-temperature curves for the Fig. 5. The density-temperature curves for the 


MAD series. 





S imples of MD series. 


( 
| 


Femperature 
/ 
rd 
} 
/ 
j 
f 
/ 
y 
\ 
} 


Mls, Cienega Fs. 


( 


50 50 e 


40 yi 40 


( if) 
10a : * “ 


ay 
al Y, nd he 
; iy . 

7 fa, 30 ~~, 30 

‘ Wi n ™ 
s “ ; ~~, 
” fn ‘ S 
annie ne han 20 20. a. 

x " es 


10 10 


0 0 < 
, - ee + maaan i i H 





a es 
‘ 


Fig. 7. The X-ray diffraction diagrams for MD-S-1 and MD-S-4. 





December, 1960] 


Hydrostatic study was carried out for all the 
samples except MD-S-0 and MAD-S-0. 
Density-temperature curves obtained are illus- 
trated in Figs. 5 and 6. 

As is shown in Fig. 2, two second order 
transition points were observed for each sample 
of MD series. These temperatures are listed 
in Table II with the results for MD and MAD 
series by hydrostatic method. 

In Fig. 7 are shown derivative line shapes 
by nuclear magnetic resonance absorption 
method for the samples of MD series and the 
values of second moment, < JH’ >, obtained 
from the derivative curves above and below 
two second-order transition temperatures for 
each sample of MD series are listed in Table 
III. 


TABLE II. THE SECOND ORDER TRANSITION 
TEMPERATURES OF THE SAMPLES OF 

POLYESTER RESIN (iN °C) 
Dilatometric result 


Sample Hydrostatic 


Lower Upper results 
point point 
MD-S-0' 6.5 77.9 
MD-S-1! 3.3 36.0 40.0 
MD-S-1' 6.0 39.7 
MD-S-2 3.0 40.3 50.0 
MD-S-3 4.9 46.0 55.0 
MD-S-4 5.8 57.4 60.0 
MAD-S-1 39.0 
MAD-S-2 42.0 
MAD-S-3 45.0 
MAD-S-4 60.0 
TABLE III. THE SECOND MOMENT, (IN GAUSS") 
4H*>, AT TEMPERATURES ABOVE AND BELOW 


THE TWO SECOND-ORDER TRANSITION 
TEMPERATURES FOR THE SAMPLES OF 
POLYESTER RESIN 


; 4H JH? 4H? 4H? 
Sample (°C) -C) CC) CC) 
MD-S-0 0.25 5.2 Be 19.8 

(81.3 (15.0) (—10.0) (—78.0) 
MD-S-1 3.0 12.9 14.7 17.3 

(84.2) (16.8) (—26.0 ( —48.0) 
MD-S-2 3.1 es 14.3 15.6 

(70.2 (0.0) (—17.0) (—50.0) 
MD-S-3 5.7 11.6 14.3 16.0 

(108.0) 18.0 10.0 45.0) 
MD-S-4 ae | 13.5 13.7 

(65.0) (18.0) 31.0 

Discussion 


As was mentioned already, the dilatometric 
study on the samples of MD series showed 
that they have two transition points of second- 
order, and the one was observed below 0°C 
and the other above room temperature. The 
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transitions below 0°C were observed at nearly 
equal temperatures for all the samples, while 
apart from MD-S-0' and MD-S-1’, those above 
room temperature were observed at the higher 
temperature for the sample crosslinked by the 
larger amount of styrene. Hydrostatic study 
above room temperature also showed a similar 
tendency for the samples of MD series and 
MAD series. Therefore the transition above 
room temperature is considered to be associated 
with the crosslinkng structure of the sample. 
The three dimensional net structure of polyester 
resin caused by the crosslinking with styrene 
will become more compact with the increasing 
amount of styrene until the sample is com- 
pletely crosslinked. Hence, it is considered that 
the segmental motion of the polymer is restricted 
more severely and that the transiton occurs at 
a higher temperature with the increase of the 
amount of styrene. This result is well con- 
sistent with the result obtained from dielectric 
measurement by Nakajima and Ishikawa’? who 


found two dielectric absorptions at the tem- 
peratures above room temperature and below 
0°C for the samples of polyester resin. The 


specific volume of the samples of MD series 
increases with the increasing amount of styrene. 
Probably the reason is that the molecular in- 
terval is extended by the crosslinking by 
styrene. Fig. 5 also shows a similar result and 
the values of density are well consistent with 
those obtained from Fig. 4. 

For MD-S-0’, the lower transition occurs at 
a temperature almost equal to that of other 
samples, but the upper transition occurs at 
77.9°C, which is higher than that of any other 
samples. Probably the sample was crosslinked 
without styrene by the long-time heating and 
in the sample of this sort the segmental 
motion was restricted more severely than in 
the sample completely crosslinked by styrene. 

For MD-S-1', in which the crosslinkings 
without styrene are considered to exist in 
addition to those with styrene, only a slight 
rise of the upper transition temperature was 
observed. It is likely that the crosslinking 
without styrene was limited by the styrene con- 
tained already in the polymer. 

For the samples of MAD series, it was also 
found that the density decreasing with the in- 
crease of the amount of styrene, though it 
affected by the amount of styrene 
than those of the MD series. In comparing 
Fig. 6 with Fig. 5, densities and the transition 
temperature of the sample of MAD series are 
always lower than those of the sample of MD 
series containing an equal amount of styrene. 
Adipic acid does not have C=C bond and is not 


was _ less 


4 I. Nakajima and E 
20, 20 (1956) 


Ishikawa, Bull. Electrotech. Lab 
(Japan), 
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crosslinked by styrene, so it is considered that 
an almost constant spaces are always kept at 
the vicinity of this atomic group and the seg- 
mental motion is not so restricted there. For 
MAD-S-4, the densities are always smailer than 
those of others of MAD series and the transi- 
tion temperature is higher. This sample con- 
tains an excess amount of styrene and it is 
considered that it consists of the mixture of 
MAD-S-3 and styrene polymer or that it is 
crosslinked by a dimer or trimer of styrene in 
addition to the crosslinking by the monomer. 
If the structure of this sample is of the latter 
type, the molecular interval will be partly 
wider than that of MAD-S-3, so the decrease 
of density is reasonable. However, if so, the 
lowering of the transition point must be ob- 
served because the restriction of mobility be- 
came smaller than MAD-S-3. The density of 
polystyrene is about 1.05 at room  tempera- 
ture and the second order transition tempera- 
ture is around 80°C. Therefore it is considered 
that the decrease of density and the rise of 
transition temperature is due to the existence 
of styrene polymer. 

It is considered generally that the second 
order transition temperature of the crystalline 
polymer and the non-crystalline one is the point 
at Which the amorphous region of the polymer 
starts the large-scale segmental motion or at 
which side chains and molecular terminal groups 
start the motion. What is, then, the origin of 
these two second-order transition points of 
the crosslinked polymer observed ? The X-ray 
diffraction diagrams for the two samples of 
MD series are shown in Fig. 8. These diagrams 
did not give any peaks showing the existence 
of the crystalline part. Therefore the samples 
investigated are considered to have random 
network of three-dimensions. 

According to Nakajima and Ishikawa”, polar 
groups attributed to dielectric absorption at a 
lower temperature are hydroxyl groups at the 
molecular terminal and free water contained 
in. the polymer, and those at a_ higher 
temperature are ester and ether’ groups 
vhose mobility is affected by crosslinking by 
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styrene. However, it is not considered that the 
transition at a lower temperature is attributable 
only to the molecular-end groups and free 
water, since, as is shown in Table III, the 
second moment obtained from the derivative 
curve in Fig. 7 shows the remarkable change 
at the vicinity of the lower second-order 
transition point of each sample. In addition, 
the amount of protons in the motional state 
estimated from the derivative curves’ at the 
vicinity of room temperature, each of which 
consists of the absorption curve of protons in 
the rigid state and that of protons in the 
motional state, is more than 30% in all the 
samples investigated and the value of 30% is 
too large to be considered as protons in the 
molecular terminal groups and in free water. 
Therefore it is considered that the second-order 
transition point at a lower temperature range 
is the one at which protons in diethyleneglycol 
located at a place distant from the crosslinking 
point in the sample of polyester resin start 
the motion. At the temperature above the 
upper second-order transition point the narrow- 
ing of the movement of protons occurs and a 
sharp derivative curve was obtained. Therefore 
the transition point is the temperature at which 
the Brownian motion of the whole molecule 
becomes violent. But unlike an amorphous 
polymer such as atactic polystyrene, it is in- 
teresting that the shoulders of the derivative 
curve are observed at the temperature range 
above the transition temperature till near the 
temperature at which thermal degradation of 
the sample takes place and also that the 
existence of protons in rigid state (which are 
considered to be protons at the vicinity of 
crosslinking points) is recognized. 


The author wishes to express his thanks to 
Professor Masatami Takeda for his able leader- 
ship. He is also indebted to Mr. Hiromi Tanno 
and Miss Masako Yoshida for their assistance 
in experimental work. 


Tokyo Colleze of Science 
Kagurazaka, Shinjuku-ku, 
Kagurazaka, Shinjuku-ku, Tokyo 


— 


Ee a 
— 


December, 1960] 


On the Thermal Dissociation of Organic Compounds’. 


On the Thermal Dissociation of Organic Compounds. XV 1707 


XV. Thermal 


Dissociation of Urethans in the Presence of Aromatic Amines 


By Teruaki MUKAIYAMA and Toyohiko AKIBA 
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In the previous papers cf this series’? it 
was shown that, in the presence of amines, 
urethans dissociate into their component com- 


pounds via Eqs. 1 and 2. 


R-NHCOOR! = R-N-C-O+HO-R’ (1) 
R-N=C=0O+ H:N-R"’ = R-NHCONH-R’’ 
(2) 

During the process of dissociation, the nitro- 
gen atom of urethan donates a proton to form 
an isocyanate, and the oxygen atom accepts a 
proton to form an alcohol. Therefore, the 
dissociation reaction involves a double transfer 
of its protons, namely protonation and deproton- 
ation of urethans by the action of a basic 
medium. 

If Eq. 1 is the rate-determining step of the 
reactions, the dissociation rate can be followed 
by measuring che amount of amine remaining 
at various time intervals. In the case of the 
dissociation of N-phenyl-phenylurethan in the 
presence of aliphatic amines, such as di-n- 
butyl amine and benzyl amine, the plot for 
the second order reaction shows a straight line 
throughout a large portion of the reaction. 
However, the rate of the dissociation of ure- 
than in weak basic medium, such as anilines, 
is much slower than in aliphatic amines and 
shows a tendency of increasing rate as the 
dissociation proceeds. In this case the rate 
deviates considerably from the true second-order 
kinetics. 

It seems that the anomalous acceleration of 
the dissociation is due to the reaction products, 
urea and phenol. The acceleration of dissocia- 
tion was therefore examined on the basis of 
the results obtained from experiments repeated 
with adding various amounts of urea and 
phenol in the initial process. 

The acceleration of a reaction brought about 
by the products formed is called “ products 
catalyzed reaction” and in the case of this 
dissociation, it was found that urea accelerates 
the dissociation much more than phenol. The 


1) This investigation was performed at the Gakushuin 
University. 

2) T. Mukaiyama and M. Iwanami, J. Am. Chem. Soc., 
79, 73 (1957) 

3) T. Mukaiyama, T. Akiba and T. Asahi, This Bulletin, 
33, 1137 (1960). 


products catalyzed reaction found in the ther- 
mal dissociation of urethan in aromatic amines 
makes the mechanism of dissociation of urethan 
in a weak base more complicated than that in 
a strong base, such as aliphatic amines. 

On the other hand, under the present ex- 
perimental condition, the dissociation of ure- 
than could not be observed in the absence 
of anilines, even when urea or phenol is 
present. And it can be concluded that the 
coexistence of anilines is a necessary condition 
for urea or phenol to accelerate the dissociation. 

In order to clarify the behavior of urea 
which accelerate the dissociation, the rates of 
dissociation of urethans in amine solution in 
the presence of ureas and analogous compounds, 
such as amide, were determined. The results 
can thus be explained by considering the 
acceptance of a proton by the accelerators 
from the urethan-amine complex in the transi- 
tion state and to promote it to dissociate. 


Experimental 
Procedure.— The experimental procedure was 

essentially that used in the earlier investigation-: 
The amount of amine remaining was determined 
by titrating with 0.05N perchloric acid in glacial 
acetic acid, using Crystal Violet as indicator. The 
perchloric acid glacial acetic acid solution was pre- 
pared according to the method of Markunas®. 

Materials.—N-Pheny!-phenylurethan, m. p. 
123°C, and N-phenyl-p-chlorophenyl urethan, m. p. 
120~121°C, were prepared from phenyl isocyanate 
and the corresponding phenols, and recrystallized 


from aqueous ethanol. 


122~ 


The physical properties for amines and ac- 
celerators are listed in Table I. 

Determination of dissociation rate: As de- 
scribed in the introduction, the rates of the 
dissociation of urethan in the presence of 
aliphatic amines followed true second-order 
kinetics. However, the rates of the dissociation 
in aromatic amines showed anomalous acceler- 
ation of the dissociation, as shown in Fig. 1, 
which might have been caused by the reaction 
products, urea and phenol. Therfore, the rates 
of the dissociation, which are the _ initial 


4) P. C. Markunas and J. A. Riddick, J. Ann. Chem,, 
23, 337 (1951) 








1708 





Teruaki MUKAIYAMA and Toyohiko AKiBA [Vol. 33, No. 12 


TABLE [. BOILING POINTS AND pK}, VALUES FOR AMINES 


Amines a Pi. 
Aniline 

o-Toluidine 
m-Toluidine 
p-Toluidine 
o-Anisidine 
m-Anisidine 
p-Anisidine 


C/mmHg 
184.4 

200 

203 

200.5 


996¢ 


250~1 
244 


Melting points 


RC,H,NHCOOCH.C.H M. 
R 
H 78 
m-Nitro 115 
p-Nitro 155 
p-Methoxy 98 
o-Chloro 110 
p-Methyl 82 
Acetanilide 113 
Benzsulfoamide 156 
Benzamide 130 
Phthalimide 238 
Diphenylbenzamide 177 

1.0 
os 
/ 
/ 
J 
/ 
/ 
" P 
jf 
/ / 
gs rs 
a 


min. 


pA 

9.30 
9.47 
9.30 
9.70 
9.70 


§.82 


Amines B. p., C/mmHg pA 
m-Chloroaniline 230.5 10.40 
p-Chloroaniline 232 12.00 
N-Methylaniline 195.5 9.60 
V-Ethylaniline 204 9.38 
\V-n-Butylaniline 240 
N-Benzylaniline 201~3 /37 


and boiling points for accelerators. 


p. “O 


.5~116 


S~ 99 
2.5~ 83 
~4 

0 


150 


Fig. 1. Second-order plots of the thermal 


dissociation of N-phenyl 


phenylurethan 


in di-n-butyl amine—nitrobenzene solution 
at 45°C (1) and that in p-chloroaniline 


nitrobenzene solution at 


165°C (Il). 


gradiencies, obtained from the titration curve 


of the residual amine, were 


appreciable quantities of 


phenol, are formed. The 


products, 


measured before 
urea and 


initial rates show 


M. p. (b. p.) °C 


Diethyl benzamide (280~2 
Benzanilide 163 
Benz-p-toluidide 1S7~8 
sym-Diphenylurea 234 
Triphenylurea 136 
Tetraphenylurea 183 

NN, N-Diphenyl-N’', N'- 41~41.5 


diethylurea 


substantial variations in their dependence upon 
the concentration of the amines, or the acceler- 
ators, as shown in Tables IV—VI. 


Results and Discussion 


As reported in earlier papers’, the rates of 
the dissociation of urethan in the presence of 
amines increased with the basicity of the 
medium. As shown in Table II, the rates of 


FABLE I]. THE INITIAL RATES OF THE THERMAI 

DISSOCIATION OF N-PHENYL PHENYLURETHAN 

IN ALIPHATIC AND AROMATIC AMINES—-NITRO- 
BENZENE SOLUTION 


Initial rate 


Amines J 10° mol. /min. 
Aniline 165 0.0303 
p-Toluidine 165 0.0161 
N-Methylaniline 165 0.261 
N-Ethylaniline 165 0.381 
Diisobutylamine 89 |. 
Cyciohexylamine 89 3.03 
n-Hexylamine 8&9 4.26 
2-Ethylhexylamine 89 1.87 


the dissociation using aliphatic amines are 
much faster than those with aromatic ones. 
The dissociation rates of urethan in the 
presence of aromatic amines with electron- 
donating substituents, such as anisidine and 
N-alkyl aniline, are much greater than those 


5 IT. Mukaiyama and Y. Hoshino, J. Am. Chem. Soc.. 
78, 1756 (1956) 
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in aromatic amines with electron-withdrawing 
substituents, such as m- and p-chloroanilines, 
as tabulated in Table III. 


TABLE III. Tui 


DISSOCIATION OF 


INITIAL RATES OF THE THERMAL 


N-PHENYL-/N-CHLOROPHENYL- 


URETHAN IN AN AMINE--NITROBENZENI 
SOLUTIONS 

Amines te V,< 10° mol. /min 
Aniline 145 0.52 
o-Anisidine 145 0.91 
p-Anisidine 145 1.79 
m-Chloroaniline 145 0.05 
p-Chloroaniline 165 0.25 
o-Toluidine 145 0.208 
m-Toluidine 145 0.406 
p-Toluidine 145 0.659 
N-Methylaniline 145 1.87 
N-Ethylaniline 145 2.22 
p-Aminophenol 115 6.25 
m-Aminophenol 165 2.54 


anomalous accelera- 
about 20 


presence of 


in Fig. 1, an 
occurs 


As shown 
tion of dissociation 
of the urethan 
aromatic 
observed, 


after 
dissociated in the 

This phenomenon not 
urethan the 
presence of aliphatic amines, which are stronger 
bases than aromatic ones. Assuming that the 


amines. Was 


when is dissociated in 


acceleration might be caused by urea and 
phenol, which are produced during the dis- 
sociation, 2.5 equimolecular proportions of 


were added to 
Consequently 


sym-diphenylurea and phenol 
the reaction system in advance. 


iniline 
“~ 


»% remaining 
4 


< 

0 
0 100 200 

min. 

Fig. 2. Catalyzed thermal dissociation of 
N-phenyl m-chlorophenyl urethan’ with 
additional accelerators in aniline—nitro- 
benzene solution at 165°C. 

N-Pheny!| 
m-Chloro- sym-Di- 


m-chlorophenyl Aniline 


yhenol phenylurea 
urethan See isis Satie 

(I 1 mol 1 mol. 0 0 
(Il 1 mol 1 mol. 2.5 mol 2.5 mol 


of Organic Compounds. XV 1709 
the amount of amines remaining decreased 
remarkably by the addition of both urea and 


phenol, as shown in Fig. 2. The acceleration 
of the reaction aided by the products is 
generally called “ products catalyzed reaction ”. 


» CC. 


remaining aniline 
—s 
ee a 
4 


\ \ 
ee \ 
\ ‘ 
\ 4 
» q .. . 
: \ » \ 
o) \ Mh 
= wees Ae 
= . a 
E : — 
0 
( 1 200 
min 


Fig. 3a. Catalyzed thermal dissociation of 
N-phenyl m-chlorophenyl urethan with 
additional accelerator in aniline—nitro- 
benzene solution at 165-C. 

\V-Pheny! 
=o: , sym-Di- 
m-chlorophenyl Aniline |, 
: , phenylurea 
urethan 
(1) 1 mol 1 mol. 0 
(I | mol. 1 mol 1 mol 
Hil) 1 mol 1 mol. 2 mol. 
3) 
-) 
o 1l0~< * 
e _ 
= a 
= 
a > 
= * ck. 
ob \\ 
3 © XY a 
o 9 a 
— 
a ~~ 7 
o ot 
na ~~ 
: + 
< 

U 

0 Z 
min. 

Fig. 3b. Catalyzed thermal dissociation of 
N-phenyl m-chlorophenyl urethan with 
additional accelerator in  aniline—nitro- 


benzene solution at 165°C 
N-Pheny] — 
, o- 
m-chlorophenyl Aniline ° 
urethan phenol 
I 1 mol 1 mol 0 
(IT) 1 mol 1 mol. 0.5 mol. 
(iil 1 mol ! mol 1.0 mol. 








1710 Teruaki MUKAIYAMA and Toyohiko AKIBA 


Similar results are shown by Baker” in the 
addition reaction of isocyanate with alcohol, 
a reversal of the present type of dissociation. 

On the other hand, under the present ex- 
perimental 
urethan could not be observed in the absence 
of anilines even when urea or phenol is 
present. It can be concluded that the coex- 
istence of anilines is a necessary condition for 
urea or phenol to accelerate the dissociation. 

In the present experiment, the catalytic 
activities of products or urea and phenol, add- 
ing them individually, were demonstrated by 
varying molar ratios of urethan, 0.5 to 2.5, as 
shown in Fig. 3 and Table IV. 


TABLE IV. THE INITIAL RATES OF THE CATALYZED 

DISSOCIATION OF N-PHENYL m-CHLOROPHENYI 
URETHAN (1 MOL.) WITH ADDED ACCELERATORS 
IN AN AMINE (1 MOL.)—-NITROBENZENE SOLUTION 


Vy ~ 10° mol./min. 


p-Chioro p-Tolui- 


Ri ara Mol. poy aniline dine 
accelerators »~ 165°C 145°C 
None 0.902 0.24 0.66 

m-Chlorophenol 0.5 2.61 «3 6.3 
1.0 5.42 1.25 i 

‘3 1.63 ‘o 4.10 

2.0 2.19 1.67 3.5% 

FF 2.40 13.0 

sym-diphenylurea 0.5 L297 0.28 aot 
1.0 10.38 5.06 4.60 

5 M3 3.16 7.92 

28 22 3.7 21.4 

2.5 7.06 21.5 22.4 

sym-Diphenylurea 0.5 6.88 3.2 1.7 
and Oo 2.5 ej 4.73 
m-chlorophenol 1.5 9.07 9.9 24.17 

2.0 9.38 21.0 14.5 

Z<3 33.3 35.0 


As shown in Table IV, the rate of the 
catalyzed dissociation is much greater in the 
presence of urea than of phenol, and it increases 
concomitantly with increasing concentrations 
of urea. However, the increase of rate by 
varying the initial concentration of phenol 
could be scarcely observed. Therefore, the 
acceleration of reaction due to the products 
is caused chiefly by urea. In aromatic amine 
series, the accelerating action of urea becomes 
more effective, when a weak base is used. For 
example, the ratio of the rates in the presence 
and in the absence of urea in p-chloroaniline 
is 110: 1, while that in p-toluidine, the stron- 
ger base, is 40:1. 

In order to investigate the catalytic activity 
of ureas, urethans and acid amides, having 
both an active hydrogen atom and a basic 
nitrogen atom and exhibiting the same am- 


6) J. W. Baker and J. B. Holdsworth, J. Chem. Soc., 
1943, 713. 


conditions, the dissociation of 
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TABLE V. THE INITIAL RATES OF THE CATALYZED 
DISSOCIATION OF N-PHENYL PHENYLURETHAN 
WITH ADDED ACCELERATOR IN A p-TOLUIDINE 

NITROBENZENE SOLUTION 


te ES er sage 
mol l l 2.5 2.5 
Accelerator & Ba a 
R-CsHs,NHCOOCH.C,;H 
R: H 145 1.43 
m-Nitro 145 0.25 
p-Nitro 145 1.63 
p-Methoxy 145 2.12 
p-Chloro 145 2.08 
p-Methyl 145 5.16 
Acetanilide 165 9.00 
Benzenesulfonamide 165 - 
Benzamide 115 pay A 
Phthalimide 145 4.98 


photeric character as urea, were used as 
accelerators. 

The initial rates of dissociation in the 
presence of these accelerators (Tables IV—VI) 
represent the relative catalytic activities and 
the order of the acceleration ability is as 
follows; 


benzamide> sym-diphenylurea> phthalimide 
-N-phenyl benzyl urethans> acetanilide 
- benzenesulfonamide. 


From this observation, benzamide and sym- 
diphenylurea appear to have greater activity 
of acceleration as compared to phthalimide 
and sulfonamide. It can be shown that sul- 
fonamide and phthalimide, having more acidic 
hydrogen atoms, are less effective than benz- 
amide and urea. 

The thermal dissociation of urethan was 
carried out in various anilines by adding ureas 
or benzamides substituted with alkyl or aryl 
groups for hydrogen atom, in equimolecular 
proportion, as shown in Table VI. Table VI 
shows that benzamide and _ WN, N-diphenyl- 
N', N'-diethylurea possess remarkable catalytic 
activities, while diphenylbenzamide is hardly 
effective. Accordingly, the relative order of 
activity of the accelerators is as follows; 


N, N-diphenyl-N’, N’-diethylurea 


sym-diphenylurea> triphenylurea 


benzamide> 


—tetraphenylureadiethylbenzamide 

- benz-p-toluidide> benzanilide 
diphenylbenzamide=none 

As presented in the above order, benzamide 

accelerates the reaction very remarkably. The 
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TABLE Vila. THE INITIAL RATES OF THE CATALYZED DISSOCIATION OF N-PHENYL 0-CHLOROPHENYIL 


URETHAN WITH ADDED ACCELERATORS IN 


V,» 10° mol 


Accelerators 


Aniline p-Methyl p-Methoxy p-Chloro 


None 0.02 0.035 0.12 
sym-Diphenylurea 0.21 0.681 0.707 
Triphenylurea 0.213 0.142 0.024 
Tetraphenylurea 3.43 0.073 0.243 
N, N-Diphenyl- 6.14 0.078 0.922 

N', N'-diethylurea 
Benzamide 1.51 2.00 2.07 
Benzanilide 0.026 0.065 0.128 
Benz-p-toluidide 0.060 0.067 0.245 
Diphenylbenzamide 0.021 0.063 0.148 
Diethylbenzamide 0.033 0.130 0.259 


AN ANILINE NITROBENZENE SOLUTION 


min. at 145°C 


Anilines 


N-Methyl N-Ethyl N-n-Butyl N-Benzyl 


0.019 0.019 0.110 0.107 0.005 
0.022 0.711 1.06 0.57 0.078 
0.025 

0.018 0.184 7.37 0.326 0.109 
0.066 B®: 0.306 
0.598 1.10 2.88 1.08 0.415 
0.007 1.58 2.00 0.025 0.015 
0.012 0.052 6.84 0.078 0.050 
0.008 0.039 0.113 0.097 0.012 
0.038 0.148 0.116 0.096 0.020 


TABLE VIb. THE INITIAL RATES OF THE CATALYZED DISSOCIATION OF N-PHENYL PHENYL- 


URETHAN WITH ADDED ACCELERATORS IN 
min. at 165°C 


V,,~ 10° mol. 
Accelerators 

Aniline 

None 0.303 

sym-Diphenylurea 1.59 
Benzaniline 0.098 
Benz-p-toluidide 0.419 
Benzam.de 7.14 
Diphenylbenzamide 0.071 
Diethyl benzamide 0.58 


order |N, N-diphenyl-N’'-N'-diethylurea> tetra- 
phenylurea and diethylbenzamide> diphenyl- 
benzamide] indicates that in similar compounds 
such as urea and benzamide, diethyl derivatives 
catalyze more strongly than diphenyl deriva- 
tives. Furthermore, the order of urea com- 
pounds, N, N-diphenyl-N’-N’'-diethylurea> sym- 
diphenylurea>tetraphenylurea, indicates that 
the hydrogen atom attached to the nitrogen 
atom is not effective in accelerating the dis- 
sociation, but the character of the nitrogen 
atom is the responsible factor. It is considered 
that the ability of a compound to accelerate 
the dissociation is attributed to the electrical 
and structural character of nitrogen atom which 
is capable of receiving a proton. 

In view of the above discussion, it has been 
observed that the rate of dissociation of ure- 
than, including a double transfer of its proton, 
in a strong basic or acidic medium is faster 
than that in a weak basic or acidic medium. 
This indicates that the rate of dissociation is 
dependent on the acidic or basic strength of 
the medium. However, the rate of dissociation 
is enhanced in a medium containing a mixture 
of weak base and acid, such as aniline and 


AN ANILINE NITROBENZENE SOLUTION 


Anilines 


p-Methyl N-Methyl N-Ethyl 
0.161 2.60 3.81 
3 3.02 9.17 
0.232 0.553 0.917 
0.446 0.473 
0.758 5.41 9.63 

~ 0.589 0.330 10.6 
0.107 0.91 0.089 


phenol, rather than in a medium containing 
the individual compounds. 


Reaction Mechanism 


The scheme of the uncatalyzed dissociation 
of urethan in the presence of an organic base 
is illustrated as follows; 

O 
N—-C-OR + H.NR " R-N-C-+-OR 
H O i 
R NH 


(1) 
—~ R-N=-C-O + OR + HNR’ 


In state I, amine behaves as such as to accept 
a proton which results in the formation of a 
complex with urethan. State I then dissociates 
through a shift of a pair of electrons. The 
catalytic activity of an amine, which assists in 
the proton transfer of urethan at state I is 
affected by the basicity of amine as shown in 
Table IT. 

The scheme of the dissociation of urethan 
in an aromatic amine medium in the presence 
of an accelerator is illustrated as follows; 
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R-N-C-OR + H.NR' SSSSOSRE R-N-c-{-or 
H O A ) 
" ROR 
ne +-H---N-C-N 
: R R 
(1 
5 N=C=0 H.NR + “OR + RR* NHCONRR 
In state II, the amine behaves in such a aliphatic ones and shows a tendency of increas- 


manner as to accept a proton, and the ac- 


celerator encourages the deprotonation of the 
amine to proceed. That is, an accelerator accepts 
a hydrogen atom from the amine-urethan com- 
plex (state If) and induces the amine to take 
up the hydrogen atom from urethan, hence 
the dissociation proceeds more readily. 
fore, the accelerator 


There- 
plays an important role 
in promoting the dissociation of the amine- 
urethan complex by participating in the proton 
transfer. 


Summary 


N-Pheny!l phenylurethans dissociate readily 
into their component compounds in the presence 
of aliphatic amines and the plot for the second 
order reaction shows a straight line throughout 


a large portion of the dissociation. However, 
dissociation of urethans in 


much than in 


the rate of the 


aromatic amines 1s slower 


ing rate as the dissociation proceeds. The 
dissociation is 
due to the reaction products, urea and phenol. 
In order to clarify the 
which accelerates the 


the rates of the 


anomalous acceleration of the 


behavior of urea 
dissociation effectively, 
dissociation of urethans in 
the presence of ureas and analogous compounds, 
such as urethans and amides, were determined. 

The mechanism of the dissociation of urethans 
in aromatic amines which involve the product 
catalyzed reaction was discussed. 
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The Dehydration Reactions of Aldoximes 


By Teruaki MUKAIYAMA and Tsujiaki HATA 
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The dehydration reactions of nitroparaffin 


and aldoxime with isocyanate, carbodiimide, 
acetylenic ether and ketene acetal have been 
described in the previous papers’. In one 


of the preceding papers, it was proposed that 
compounds containing a triple bond or a 
twinned double bond may be used as a useful 


dehydrating reagent. In addition, the dehydra- 


tion reaction of aldoxime with ketene acetal 

containing a double bond and two alkoxyl 

groups turns out to be also successful. It is 
1) T. Mukeiyama and T. Hoshino, J. Am. Chem. Sov 


82, 5339 (1960 
2 I. Mukaiyama and T. Hata, 
to this Bullet 


This is now presented 


also known that iminochloride 
double 


containing a 
bond and a chlorine atom reacts with 
water much more easily, yielding acid amide 
rather than nitrile containing a triple bond. 
These results lead to conclusion that not only 
the compounds containing a triple bond or a 
twinned double bond but also the compounds 
containing a double bond and an atom or 
atomic group, such as halogen alkoxyl or 
acyloxyl groups, would become effective de- 
hydrating reagents. 


Referring to the above results it appears 
3) J. v. Braun, F. Jostes and W. Miinch, Ann., 453, 113 
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feasible to extend the dehydration reactions 
of nitroparaffin and aldoxime by using vinyl 
ether or vinyl acetate in place of acetylenic 
ether described in the preceding paper. Firstly, 
the reaction of vinyl n-butyl ether and aldoxime 
is tested in the presence of tertiary alkyl amine, 
but no reaction occurs and the starting 
materials are recovered quantitatively. The 
dehydration reaction is also not observed, 
when vinyl acetate is treated with benzaldoxime 
under the same condition. 

It is known that the addition reaction of 
vinyl acetate with an alcohol to form an acetal 
is well conducted in the presence of boron tri- 
fluoride and mercuric oxide. Accordingly, vinyl 
acetate and benzaldoxime are reacted in the 
presence of a catalytic amount of boron tri- 
fluoride and yellow mercuric oxide in place of 
a basic catalyst. A violent reaction takes place 
and benzonitrile, acetaldehyde and acetic acid 
are obtained in good yields. 


CH:=-CH—OAc C,H;CH=NOH 


fCH;CH—OAc ] — C.H;C=N CH.CHO 
| 


ON=CHC;H; J AcOH 
I) 


Analogous to the explanation used for the 
dehydration with acetylenic ether, it is reason- 
able to consider that the reaction proceeds 
through an intermediate I which gives nitrile 
and hemiacylal. The latter decomposes to give 
acetaldehyde and acetic acid. 

By the same method, the reaction of 
ether and aldoxime gives nitrile in equally good 


vinyl 


yield along with acetaldehyde and acetal. 
2CH.—CH-—-OR R'CH=NOH 
CH,CH—OR -> R'C=N CH,CHO 


ON=CHR' CH.CH(OR 


Ik 


In order to evaluate experimentally the in- 
termediate of the reaction, namely the addition 
compound of vinyl ether and aldoxime, the 
of the compound II is tried. Since 
the catalysts, boron trifluoride and mercuric 
oxide, may accelerate both the initial addition 
reaction and the subsequent decomposition 
reaction, an equimolar amount of triethyl 
amine to neutralize boron trifluoride is added 
system of vinyl ether and 


isolation 


to the reaction 
aldoxime immediately 
heat ceases. By this method the 
compound is isolated in high yield. And the 
addition compound is observed to decompose 
on heating in the catalytic 
amount of boron mercuric 


addition 
presence of a 
trifluonide and 


4) W. J. Croxall, F. J. Glavis and H. T. Neher, J. Am 
Chem. Soc., 70, 2805 (1948) 


after the liberation of 
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oxide to give 82% yield of nitrile. Con- 
sequently, it can be concluded that the coex- 
istence of boron trifluoride and mercuric oxide 
is effective in accelerating the decomposition 
of the associated addition compounds with 
vinylogs, and conducts the dehydration of 
aldoximes. The decomposition of the adduct 
II cannot be observed in the absence of the 
said catalysts and it is recovered quantitatively 
after refluxing for 7 hr. in benzene. 

Further, it is confirmed that benzaldoxime 
is recovered unchanged, when it is refluxed 
for 6 hr. in the presence of a catalytic amount 
of boron trifluoride in benzene. It can_ be 
concluded that the dehydration reaction of 
benzaldoxime is conducted with vinyl ether 
or vinyl acetate. 

In order to examine the possibility of de- 
hydration of aldoximes with vinylogs having an 
electron-withdrawing substituent which usual- 
ly show different reactions from vinyl ether 
acetate, acrylonitrile is reacted with 
benzaldoxime in the presence of a catalytic 
amount of boron trifluoride and mercuric 
oxide. No reaction is then observed and the 
Starting materials are recovered. On the other 
hand, the addition reaction of acrylonitrile 
vith aldoxime is known as an example of 
cyanoethylation®? when strong bases are used. 
The addition compound of acrylonitrile and 
benzaldoxime is synthesized initially according 


or vinyl 


to the method of Bruson and Riener and it is 
successfully decomposed to give nitrile and 
ethylene cyanohydrin on heating in the presence 
of a catalytic amount of boron trifluoride and 
mercuric oxide. 
CH.—CH--C=N 


C,H;CH==NOH 


KOH. C.H-CH—NOCH-CH:C=N 


Hg0-BF: | HOCH.CH.C=N — C,H;C=N 


In the next place, the dehydration reaction 
of aldoxime with a compound containing car- 
bon-oxyvgen double bond is studied. It is 
nerally shown that carbonyl compounds react 
gem-dihydroxy 


ge 


vith water to form unstable 


compounds which exist in equilibrium with 
the starting materials and can scarcely be 
isolated. On this basis, it is said that these 


compounds cannot be used as a dehydrating 
reagent in the present type of reaction. It 1s, 
however, known that benzil containing two 
carbonyl groups reacts with water to form a 
stable benzilic acid and this is considered to 
be an example of carbonyl compounds as a 
The reaction of benzil 
small 


dehydrating reagent. 


with aldoxime in the presence of a 


5) H. A. Bruson and T. W. Riener, U.S. Pat., 2352514 


Chem. Abstr. 38, 5506 (1944). 
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amount of potassium hydroxide is tried and 
nitrile and benzilic acid are obtained as ex- 
pected. 


C,H.CO--COC.H — 


C;,H;C=N C,H 


C,H:;CH=NOH 
).(OH)C—COOH 


CsH,CH=NOH Oy 


Further, in the course of preparing acetylenic 
ether according to the method of Arens”, it 
is found that the intermediate, a, 3-dibromo- 
ethyl methyl ether, reacts violently with water 
to form bromoacetaldehyde and _ hydrogen 
bromide. On the consideration that such com- 
pounds which readily react with water can be 
used as a dehydrating reagent of the present 
type of dehydration, the reaction of a, ,3- 
dibromoethyl methyl ether with aldoxime is 
tried and nitrile results quantitatively along 
with hydrogen bromide. 


CH.BrCHBr--O—-CH C,H;CH=NOH 


fCH.BrCH—OCH, J 

| | —» CoHsC=N 

L ON=CHC,H; J 
(IV) (CH.BrCHO 
HBr 


This reaction can be explained by introduc- 
ing the intermediate IV which is yielded by 
the reaction of aldoxime and the ether. The 
IV, which is similar to the addition compound 
of vinyl ether and aldoxime, decomposes to 
give nitrile and hemiacetal. The latter decom- 
poses to aldehyde and alcohol. 

Similarly, nitrile is obtained quantitatively 
when aldoxime is reacted with a, 5-dibromo- 
ethyl acetate and a, S-dibromopropionitrile 
respectively as shown in the following equa- 
tions. 


CH.BrCHBr—-OAc 
C,H;C=N AcOH 

CH,BrCHBr—C=N 
C,H;C=N HBr 


C,H;CH=NOH 
(CH,BrCHO HBr 
C;H;CH=NOH 


These reactions are carried out in_ the 
absence of a catalyst, and the initially formed 
hydrogen bromide may 
celerate the reactions. 

On the other hand, the treatment of ben- 
zaldoxime with a,5-dibromoethylbenzene yields 


be considered to ac- 


6) J. F. Arens, Rec. trav. chim. Pays-Bas, 74, 271 (1955 
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The reaction can be shown by the following 
scheme which involves the initial formation 
of the addition compound of benzil and 
aldoxime, and the subsequent rearrangement 
of the phenyl group to form III. This decom- 
poses to nitrile and benzilic acid by transfer- 
ring its hydrogen atom. 


O 
OH o C,H, .C-OH 
~C.H,-C-C,, _. Galk~"~On 
H + 
CeHs N=C-CoH,  CoH,C=N 
(il) 


the dehydrated product of bonzonitril and 
water in high yields, and the starting material 
of dibromo compound is unexpectedly recovered. 
The recovery of the dibromo compound can 
be satisfactorily explained by considering the 
replacement reaction of initially formed {- 
hydroxy-3-phenylethylbromide with hydrogen 
bromide, as shown in the following equations. 
The unexpected isolation of water is considered 


to be due to the low reactivity of a, §-dibro- 


moethylbenzene with water as compared with 
a, 5-dibromoethylmethyl ether and a, §-di- 
bromoethyl acetate. 


CH.BrCHBr—C,;H C;H;CH = NOH 
fCH.BrCH—C,H ] HBr 


ON=CHC,H, | 

(V) 

V -» GH-C=N + CH.BrCH—C,H 
OH 
(VI 


Vi HBr ~» CH.BrCHBr—C,H H.O 


Experimental 


Reaction of a-Benzaldoxime with Vinyl Acetate. 

A solution of 10 drops of boron trifluoride (40% 
ether solution) and 0.6g. of yellow mercuric oxide 
in 10ml. dry benzene was added dropwise over a 
30-min. period to a solution of vinyl acetate (16g., 
0.186 moi.) and a-benzaldoxime (11.3g., 0.093 
mol.) in 20ml. dry benzene with continuous 
stirring. Then acetaldehyde and benzene were dis- 
tilled into a 2,4-dinitrophenylhydrazine solution. 
The yield of acetaldehyde 3.6 g., (442, of theoretical) 
was calculated from the yield of acetaldehyde 2,4- 
dinitrophenylhydrazone thus obtained. The liquid 
residue was distilled to give acetic acid 8.1 g., (72% 
of theoretical), b.p. 55C” (61 mmHg) and benzo- 
nitrile 8.7g., (91%. of theoretical), b. p. 85~87°C 
(23 mmHg) was obtained. 

Reaction of n-Heptanaldoxime with Vinyl 
Methyl! Ether.—To a solution of -heptanaldoxime 
(S5g., 0.039 mol.) and methyl vinyl ether (Sg., 
0.089 mol.) were added 2 drops of boron trifluoride 
(40°, ether solution) and 0.1 g. of yellow mercuric 
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oxide. After shaking the mixture for 30 min., it 
became clear, and then it was heated under reflux 
for 5hr. After removing acetaldehyde and benzene, 
acetaldehyde dimethyl acetal 3.5g., (89°, of theore- 
tical), b. p. 64~66C~ and heptanitrile 1.7 g., (40°, of 
theoretical), b. p. 54°C (8 mmHg) were obtained. 

Reaction of a-Benzaldoxime with Vinyl Methyl! 
Ether.—To a solution of a-benzaldoxime (15g., 
0.123 mol.) and methyl vinyl ether (15 g., 0.268 mol.) 
in 20 ml. dry denzene were added 5 drops of boron 
trifluoride (40%, ether solution) and 0.3 g. of yellow 
mercuric oxide. After shaking the mixture for 30 
min., it was heated under reflux for 6hr ter 
removal of acetaldehyde and benzene, acetaldehyde 
dimethyl acetal 4.0g.. (34%. of theoretical), b. p. 62 
~64-C and benzonitrile 10.2 g., (80%. of theoretical), 
b. p. 48~50 ¢ 3 mmHg) were obtained. 

Addition Compound of a@-Benzaldoxime and 
Ethyl Vinyl! Ether.—To a solution of ethy! viny! ether 
(3.6g., 0.05 mol.) and 0.05g. of yellow mercuric 
oxide in !0ml. dry benzene was added dropwise a 
solution of a-benzaldoxime (6.1 g., 0.05 mol.) and 
2 drops of boron trifluoride (40°, ether solution) 
in Sml. dry benzene with continuous stirring over 
a 10-min. period at room temperature 
tion mixture became warm and clear soon. After 
rapid cooling, 4 drops of triethyl amine was added 
to the solution. After removal of benzene. an 
attempt was made to distil the liquid residue. 
Addition compound of benzaldoxime and ethy! 
vinyl ether 7.8 g., (80%. of theoretical), b. p. 92~93-C 
(4.5 mmHg) was obtained. 

Found: C, 68.62; H, 7.86; N, 7.41 
C:,H,;;0O:N : C, 68.37; H, 7.82; N, 7.252o. 

Decomposition of the Addition Compound of a- 
Benzaldoxime and Ethyl Vinyl Ether.—To a solu- 
tion of the addition compound of a-benzaldoxime 
and ethyl vinyl ether (1.9g., 0.01 mol.) in 10 ml. 
dry ether were added 5 drops of boron trifluoride 
(40°, ether solution) and yellow mercuric oxide 
(0.05 g.). Then the mixture was heated under 
reflux for 7hr. After removal of acetaldehyde and 
ether, ethanol 0.4g., (87% of theoretical), b. p. 
77~78-C and benzonitrile 0.85 g., (83% of theore- 
tical), b. p. 69 C (10 mmHg) were obtained. 

Reaction of a-Benzaldoxime with Acrylonitrile. 

-To a solution of a-benzaldoxime (8 g., 0.066 mol. 
and acrylonitrile (3.5 g., 0.066 mol.) in ISml. dry 
benzene was added 0.2g. of potassium hydroxide. 
The mixture was heated under reflux for Shr. 
After removal of benzene, the addition compound 
of a-benzaldoxime and acrylonitrile 5.2 g., (45%. of 
theoretical), b. p. 150°C (6mmHg) was obtained. 

Found: N, 16.12. Caled. for CyHjNeO: N, 
16.09 

The same result was obtained when Triton B was 
used in place of potassium hydroxide. 

Decomposition of the Addition Compound of a- 
Benzaidoxime and Acrylonitrile.—To a solution of 
the above mentioned addition compound (5.2g., 
0.03 mol.) in 10ml. dry benzene were added 10 
drops of boron trifluoride (402, ether solution) and 
0.1 g. of yellow mercuric oxide. The mixture was 
heated under reflux for 12hr. After removal of 
benzene, benzonitrile 1.6g., (44%. of theoretical), 
b. p. 188~189°C and ethylene cyanohydrin 0.7 g., 


The reac- 


Caled. for 
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(33%, of theoretical), b. p. 221~223°C were obtained. 


Reaction of a-Benzaldoxime with Benzil.—To a 
mixture of a-benzaldoxime (1.2 g., 0.01 mol.) and 
benzil (2.1 g., 0.01 mol.) was added 0.1 g. of well- 
ground potassium hydroxide After the mixture 
was heated on the water-bath for 30min., it was 
left on stand for 5 days at room temperature and 
a large amount of benzilic acid was separated. It 
was filtered and washed with light petroleum ether 
and recrystallized from 95°, ethanol, 0.5g., (22 
of theroetical), m.p. 150 € After removal of the 
low boiling point fractions from the filtrate, benzo- 
nitrile 0.2g., (20°, of theoretical), b. p. 783~80°C 
(18 mmHg) was obtained. 


Reaction of a-Benzaldoxime with a, 8-Dibromo- 


ethyl Methyl Ether. — a-Benzaldoxime 6.7¢g 
0.055 mol.) was added dropwise to a solution of 
a, 5-dibromoethy!l methyl! ether in 10 ml. dry ben- 


zene with continuous stirring at room temperature. 
A large amount of white precipitate separated, and 
then it dissolved with evolving hydrogen bromide, 
when the mixture was heated under reflux After 
heating the mixture for 6hr., 

was distilled under reduced pressure and benzo- 
nitrile 5.3g., (9324 of theoretical), b.p. 75 17 
mmHg) was obtained. From the residue a small 
amount of bromoacetaldehyde trimer, m.p. 102~ 
104-C, was obtained. 

Reaction of a-Benzaldoxime with a, 8-Dibromo- 
ethyl Acetate.—a-Benzaldoxime (9.9 g., 0.081 mol.) 
was added dropwise to a solution of a, 5-dibromo- 
ethyl acetate (20g., 0.081 mol.) in 20 ml. dry ben- 
zene with continuous stirring. After the mixture 
was heated under reflux for 2hr., the resulting 
solution was worked up in the usual manner and 
acetic acid 2.2g., (46% of theoretical), b. p. 118 € 
and benzonitrile 4.8g., (57°. of theoretical), b.p 
61~63-C (7 mmHg) were obtained. From the residue 
a small amount of bromoacetaldehyde trimer, m. p. 
103~104°, was obtained. 

Reaction of a-Benzaldoxime with a, 8-Dibromo- 
propionitrile.—a-Benzaldoxime (11.4 g.. 0.094 mol.) 
was added dropwise to a solution of a, 5-dibromo- 
propionitrile (20 g., 0.094 mol.) in 20 ml. dry benzene 
with continuous stirring. After heating the mixture 
under reflux for 3hr., the resulting solution was 
worked up in the usual manner, benzonitrile 9.7 g., 
(982, of theoretical), b. p. 77~78-C (15 mmHg) was 
obtained. 

Reaction of a-Benzaldoxime with a, §-Dibromo- 
ethylbenzene.—a-Benzaldoxime (2.4g., 0.05 mol.) 


the resulting solution 
ne 


was added to a solution of a, 5-dibromoethylbenzene 
($.3g., 0.05 mol.) in ISml. dry benzene. The 
mixture was heated under reflux for Shr. After 
removal of benzene, water and benzonitrile were 
distilled and water 2.0g., (56%. of theoretical) and 
benzonitrile 1.3g., (65% of theoretical), b. p. 76~ 
78°C (15 mmHg) were obtained. a, 5-Dibromoethyl- 


benzene 3.7 g., (70% of theoretical), b. p. 137~139 € 
(15 mmHg) was recovered. 
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The addition reactions of vinyl ethers with 
carboxylic have been known to give 
hemiacetal esters (I) in high yields in the pres- 
ence of a catalytic amount of 


acids 


Strong acids, 


such as hydrochloric acid, sulfuric acid and 
phosphoric acid. 
H 
CH.=CH-OR - R'COOH — + CH,-C-OR (1) 
OCOR' {1} 
There are numerous publications in the 
literature on the addition reactions of vinyl 
ethers with compounds containing active 


as alcohols, phenols and car- 

however, there have been no 
study of the 
their 


hydrogen, such 
boxylic acids 
papers published on the kinetic 
reactions of vinyl ethers except on 
hydrolysis” 

In the present investigation, the rates of the 
addition reaction of a-butyl vinyl ether with 
carboxylic acids in dioxane and toluene have 
been measured in order to study the mechanism 
of the addition reactions. 


TABLE I. List OF « 
Acid B. p. pKa- 

Acetic 118.5 4. 
Propionic 141.0 4 
n-Butyric 162.5 4 
n-Valeric 187.0 4. 
a-Caproic 205.0 4 
Monochloroacetic 189.5 2 


1) N. A. Gershtein and M. F. Shostakovskii, Zhur. 
Obshchei Khim. (J. Gen. Chi . 21, 1452 (1951); Chem. Abstr., 
46, 3001 (1952) 

2) M. Levas, Ann. chim. (Paris), 7, 697 (1952). 

3) C. E. Schildknecht, A. O. Zoss and C. Mckinly, 


Ind. Eng. Chem., 39, 180 (1947). 
4) W. Reppe, Ann., 601, 81 


(1956). 
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Experimental 
Materials.—n-Butyl vinyl ether was obtained from 
commercial source and purified as follows; the vinyl 
ether was washed several times with equal volumes 


of water containing a small amount of sodium 
carbonate, dried over potassium hydroxide and 
distilled from metallic sodium through a 30cm. 


long column, b. p. 93.0~94.0°C. 

Carboxylic acids were also obtained from a com- 
mercial source and purified by distillation or recrys- 
Melting points or points and 


the carboxylic listed in 


talliza boiling 
pKa of 
Table. I. 
Solvent.—Dioxane (b. p. 101.3-C 
111 -C) and anisole (b. p. 154°C 


being stored over metallic sodium 


tion. 


acids used are 


toluene (b. p. 
were purified by 
wire and being 
distilled from metallic sodium. 

General Kinetic Method.—In a 50 ml. 

solution of n-butyl vinyl ether in dioxane 
3.00 mol. |. with 
molarity of 


volumetric 


flas 


NK al 
was prepared which was exactly 
respect to the vinyl ether. The exact 


the solution was determined iodometry 


Similarly. a solution of the corresponding carboxylic 
acids of appropriate concentration was prepared. 
As a typical run, 20ml. of the carboxylic acid 
ARBOXYLIC ACIDS USED 
. Acid M. p. pA 
76 Benzoic acid a 4.17 
.88 o-NO>- 148 2:28 
.82 o-Br- 149 2.82 
81 o-Cl- i4l 2.89 
.85 m-NO»- 142 3.46 
81 m-C H;- 111 4.28 
p-NQ,- 240 3.40 
p-CH,O- 184 4.49 
3.5, Di-NO,- 205 2.80 
5) A. Zahorka und K. Weimann, Monat 71, 229 (1938) 
6) E. N. Prolezhava, E. S. Shapiro and M. F. Shosta- 


Obshchei Khim. (J. Gen. Chem.), 18. 1663 
dbstr., 43, 3272 (1949) 
and R. L. Edsbergg Anal. Chem., 20, 762 


kovskii, Zhur 
1948); Chem 

7) S. Siggia 
(1948) 
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solution was placed in a 30ml. reaction tube, and 
immersed in a thermostat for 20min. to obtain a 
constant temperature. To start the reaction, 5 ml. 
of the vinyl ether solution was pipetted into the 
carboxylic acid solution. Two milliliter aliquots of 
this solution were withdrawn from time to time by 
means of a pipet and put into the mixture of 15 
ml. of standard 0.1N iodine solution and 15 ml. 
of methanol in a 100 ml. erlenmyer flask. After the 
mixture was stirred for 5min., the excess iodine 
was titrated with standard 0.1 N sodium thiosulfate 
solution. 

When toluene or anisole was used as the solvent, 
0.5N iodine solution and a large excess of methanol 
were used to make the titrating mixture homo- 


geneous. 


Results and Discussion 


Fig. | shows plots of percentage reaction 
against time (min.) for the reaction of a”- 
butyl vinyl ether and monochloroacetic acid in 
dioxane at 60.0°C with various initial concentra- 


f, min. 


Fig. 1. The addition reactions of n-butyl 
vinyl ether with monochloroacetic acid 
in dioxane at 60 -€ 

The plots of percentage reaction x against 


time by various concentration : 


Run a) b) c @) €) i) sg 
n-Butyl vinyl 0.6 0.5 1.2 1.0 0.6 0.5 0.3 
ether, mol./1 
Monochloro- 1.2 1.0 0.6 0.5 0.6 0.5 0.3 





tions of reactants. The order of the reaction 
was determined by van’t Hoff’s initial rate 
method, and 0.95+0.1 order with respect to 
vinyl ether and 2.05+0.1 order with respect to 
carboxylic acid are obtained. Hence, the 
kinetic equation of the reaction is expressed 
by 
dc 


dt 


kKAB (2) 


where the symbols A, B and C represent the 

concentrations of. vinyl ether, carboxylic acid 
> 

and product, respectively. 
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Eq. 2 may be integrated to give Eq. 3 or 4. 
For Ay+ Bi, 


E A)\(B)—C) _ B—Ao B—A 
2.303 log 
By (Ay —C) B Bo—C 
(B,— Ay)*kt (3) 
2AvoC —C 
For Ay=B,, (A—-o) 2Ay"kt (4) 


where A, and B, represent the initial con- 
centrations of vinyl ether and carboxylic acid, 
respectively. 

For individual runs with varvious initial 
concentrations shown in Fig. 1, the third order 
rate constants were calculated by the Eq. 3 
or 4 at appropriate percentage reaction. The 
rate constants are determined along the above- 
mentioned way in such a large range of reac- 
tion, i.e. from 1074 to 60°42 completion. Table 
II shows these rate constants and leads to the 
fact that these constants are very close to- 
gether in magnitude (the average value of the 
rate constant is 4.06 10~* mol~-sec~’). 

Similarly, the third order rate constants of 
with ali- 
phatic and aromatic carboxylic acids are 
obtained (Tables III and IV). The plots of 
the logarithm of the rate constants vs. threcip- 


the reaction of n-butyl vinyl ether 


rocal absolute temperature gave satisfactory 
straight lines from which activation energies 
and entropies of activation were obtained 
(Table IV). 

The effects of the substituents of carboxylic 
acids on this addition reaction are noted as 
follows: 

(1) The rate increases as the acidity of 


carboxylic acid increases. 


A 


log (A 





0.50 1.00 1.50 


5 


Fig. 2. Plots of log (k/k,) against the Ham- 


mett o-values. 
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Tasce Il. THE RATE CONSTANTS FOR THE ADDITION REACTION OF N-BUTYL VINYL ETHER 
WITH MONOCLOROACETIC ACID IN DIOXANE AT 60°C 
Initial 
Run concentration k ~<10~4 mol~* sec 
(mol./1.) 
V.E CIAcOH x (2,)=10 20 30 40 50 60 70 Average 
a 0.6 Pe: 4.11 4.05 3.97 4.15 4.12 3.95 4.06 
b 0.5 1.0 4.08 3.99 3.93 4.02 4.10 4.02 
c Bick 0.6 4.02 4.05 4.08 4.00 3.99 4.12 4.04 
d 1.0 0.5 3.98 3.85 4.05 4.03 3.90 3.96 
e 0.6 0.6 4.20 4.09 4.22 4.03 3.97 4.10 
{ 0.5 0.5 4.11 4.08 4.15 4.23 4.17 4.15 
g 0.3 0.3 3.98 4.08 4.07 4.05 
Average 4.06 
Tapie I. THE RATE CONSTANTS, THE ACTIVATION ENERGIES AND THE ENTROPIES OF 
ACTIVATION OF THE ADDITION REACTIONS OF #-BUTYL VINYL ETHER 
WITH CARBOXYLIC ACIDS IN DIOXANE 
k«10-° mol-- sec E AS 
Carboxylic acid 70 € 60 ¢€ 50°C 40°C 30°C (keal. e.u 
Acetic 0.99 0.46 0.20 16.5 33.0 
Monochloroacetic 40.6 18.5 8.69 3.95 15.6 27.4 
Benzoic 3.14 1.48 0.73 0.32 - 16.2 32.2 
3.5, Di-NO 190.0 97.5 51.1 13.9 29.9 
o-NO 150.0 67.5 SL.2 15.3 14.7 5 ie 
m-NO 20.0 10.1 4.80 2.20 14.8 31.4 
p-NO 43.8 23.3 10.9 14.7 31.2 
m-CH 2.84 1.37 0.62 0.29 16.2 32.3 
p-CH,O 1.83 0.79 0.34 7.3 29.5 
o-Br 31.2 15.0 7.40 Pe 5.1 31.0 
o-C] 26.0 13.0 6.65 3.15 15.4 32.5 
TABLE IV. THE RATE CONSTANTS OF THE ADDITION REACTION OF M-BUTYL VINYL ETHER 
WITH ALIPHATIC CARBOXYLIC ACIDS IN TOLUENE AT 60°C 
Carboxylic acid Acetic Propionic n-Butyric n-Valeric n-Caproic 
k ~10-> mol~* sec 8.70 3.66 3.05 1.67 1.01 
(2) The effect of substituents in meta and CH.-CH-OC,H RCOOH 
para substituted benzoic acids nearly follows [RCOOH:---CH.-CH-OC,Hs |} (5) 
the Hammett equation. As shown in Fig. 2 kK 
log A is approximately a linear function of the Complex RCOOH 
substituent constants o given by Hammett H 
and the gradient of the plots gave a value for . CH.-C-OC.H, RCOOH (6) 
the reaction constant 9 of 1.49. } 
(3) In ortho substituted benzoic acids, the O 
reaction is not so fast as expected from their COR 
acidities. which may be attributed to the steric For the first stage, the concentration of the 


hindrance of the ortho substituents. 

(4) In fatty acids, the rate decreases as the 
length of carbon chain increases. 

These results lead to the conclusion that 
the reaction takes place in two stages, namels 
the initial formation of an intermediate com- 
plex in equilibrium with vinyl ether and 
carboxylic acid and followed by the reaction 
of the complex with another carboxylic acid 
via rate determining step. 


8) L. P. Hammett, “Physical Organic Chmistry ™ 
McGraw-Hill Book Co., Inc., New York, N. Y. (1941), p 
188 


complex is found to be 


K {CH2=CH-OC,Hs]| [RCOOH] 
(7) 


[Complex] 


where K is the equilibrium constant of this 
Stage. 
For the second stage, the rate of formation 


of the product is given by 


d [product] 
dt 


where k’ is the rate constant of this stage. 


k' [complex] [RCOOH] (8) 


December, 1960] 
The over-all kinetic equation, therefore, 
expressed as 
“tproauctl =k KICH CH-OC,H,] [RCOOH] 
(9) 


It is natural to consider that K is directly 


proportional to K,, the dissociation constant of 


the carboxylic acid used. Since a linear Ham- 
mett relation is observed, the experimental 
rate constant kA becomes directly proportional 
to K,, 
Ke K, and k=k'K (10) 

The results show that k’, the rate constant 
of the second stage, is not largely influenced 
by nucleophilic nature of carboxylic acid. 

This two-stage mechanism was_ further 
ascertained by the following experiments. 

Eq. 11 is given, when two kinds of carboxylic 
acids are reacted competitively with vinyl 
ether in a kinetic run, 


dA 


k, AB, +k: AB,B.~k,AB (11) 
dt 


where A is the concentration of n-butyl vinyl 
ether, B; and B, are those of two carboxylic 
acids, respectively. 

Fig. 3 shows plots of percentage reaction 
against tim (min.) for the competitive 
reaction of vinyl ether (0.6mol./l.) with 
monochloroacetic acid B, (0.6 mol./l.) and acetic 
acid B, (0.6 mol./l.) in dioxane at 60°C. 

From Eq. 11 by use of rate constants, k; 

4.06 x 10-* mol~“sec~' and k; =4.6 x 10-°mol~? 
sec~', which have been obtained in the separate 





, eres 
ae ‘ 
—_ 9 
eo a 
a 
a 
2 
i rT 15 200 250 
> tf, min. 


Fig. 3. The competitive addition reactions 
of n-butyl ether with two carboxylic acids 
in dioxane at 60°C. 

The plots of percentage reaction x against 


time ; 
Run h) 1) j) 
n-Butyl vinyl ether, mol./l. 0.6 0.5 0.5 
Monochloroacetic acid 0.6 0.5 
mol. /I. 
Acetic acid, mol./I. 6.6 6.5 6.5 
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experiment listed in Table III, the value of 
k. can be estimated graphically by initial rate 
given in Fig. 3. It is 4.010~* mol~*’sec™’ 
and the kinetic equation can be expressed as 


follows. 


GA _ 407% 10-'AB 
dt 
4.0 10-‘AB.B.~ 4.6 10-'AB (12) 


CH:Cl-COOH CH.=CH-OC,H 
(CH.Cl-COOH-:-CH;=CH-OC,H 


K 
CH CI1-COOH, k } CH. COOH 
H H 
CH;-C-OC;H; « > CH,.-C-OC,H 
nu) ° o nT 
CO-CH.Cl CO-CH 


By the separate experiment, it was ascertained 
that the ratio of the formation of II and III 
was 4:3. Since k; and k, are nearly the same 
values, this gives further experimental support 
for the above mentioned consideration that 
the first step, the formation of the complex 
from vinyl ether and carboxylic acid, is a 
dominant factor in this reaction and the rates 
of second step, k;' and k.’, are nearly equal. 

The reaction of n»-butyl vinyl ether with 
acetic acid is accelerated by a catalytic amount 
of phosphoric acid. In a similar fashion as 
described in the case Of the above mentioned 
competitive reaction of two carboxylic acids, 
Eq. 11 is also available to this reaction when 
A, B, and B, represent the concentrations of 
the vinyl ether, phosphoric acid and the acetic 
acid, respectively. Since B,; and k;, the rate 
constant of self catalyzed reaction of acetic 
acid, are very small values, both the first term, 
k, AB,*’, and the third term, k; AB-.*, are small 
compared with the second term, k2AB,B.. 
Then, the kinetic equation is given as follows; 

» ee pil (13) 
dt 

Fig. 4 shows plots of log { (200 - x) (100— x) 
(where x represents percentage reaction of the 
vinyl ether) against time for the reaction of 
n-butyl vinyl ether (initial concentration 0.6 
mol./l.) and acetic acid (initial concentration 
1.2 mol./l.) in dioxane at 50°C with various 
concentrations of phosphoric acid, a—e. 

The rates of reaction increase linearly as the 
concentration of phosphoric acid increases, and 
second order plots have a sufficiently straight 
lines from which the rate constants k2 have 
been obtained (Table IV). It was confirmed 
that the reaction is a general acid catalyzed 
reaction similar to the results obtaind in the 
case of hydrolysis of vinyl ether” 
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TABLE V. THE RATE CONSTANTS OF THE ADDITION REACTION OF N-BUTYL VINYL ETHER 
WITH MONOCHLOROACETIC ACID IN VARIOUS SOLVENTS AT 30°C 
Solvent k, mol~? sec Solvent k, mol~? sec~! 
Dioxane 3.95 ~10 Toluene 5+dioxane 1 9.1x 10-3 
Anisole 1.34~10 Toluene 2-+dioxane 1 2.1x10 
Toluene 2.08 x 10 Toluene 1-+dioxane 2 0.710 
Toluene 11~ether 1 3.3 10 


TABLE VI. THE RATE CONSTANTS OF THEI 
WITH ACETIC ACID IN THE PRESENCE 


ACID IN DIO 


Run H.PO,;], mol./1. 
a 4.8~ 10-4 

b 9.6 4 

c i.e «6¢ 

d 24.0 7 

e 48.0 7 





+ 
\ 


100 





Pt 
= 
i — — 
7 a pO aa 
eee 
- al 
= ase a. 
~ ——— 
> ft, min. 

Fig. 4 The addition reaction of n-butyl 
vinyl ether with acetic acid in the presence 
of a catalytic amount of phosphoric acid 
in dioxane at 50°C. 


rates of this reaction are 
influenced by the nature of the 
solvent used. Table V shows the rate constants 
of the reaction of chloroacetic acid with 
n-butyl vinyl ether in dioxane, anisole and 
toluene at 30°C. In toluene the reaction is 
faster by 520 times than in dioxane. In anisole 
the reaction is not so fast as in toluene but 
still it is faster by 34 times than in dioxane. 
It was also observed that the addition of a 
small amount of dioxane or diethyl ether to 
toluene solution retards the reaction consid- 
erably. 

Possible formation of complex from carboxy- 
lic acid and solvent containing ether linkage 
such as dioxane, competes with the formation 
of the above-mentioned complex from vinyl 
ether and carboxylic acid, and decreases the 
concentration of the latter which is the 
necessary intermediate to form the product, 
hemiacetal ester. This is a reason why the 
reaction is very slow in dioxane. 


In addition, the 
remarkably 


ADDITION REACTION OF N-BUTYL VINYL ETHER 


OF A CATALYTIC AMOUNT OF PHOSPHORIC 


XANE AT 50°C 


k'CH3PO,], mol-! sec™! k', mol? sec=! 
1.50 10-5 3.110 
2.60 7 oe eg 
4.40 7 3.0 7 
8.15 7 3.4 7 
15.8 Y i 
CH.-CH: 
O O RCOOH 
CH:-CH:, 
CH.-CH: 
» RCOOH::-O Oo 
CH.-CH 


CH2=CH-OC,H, RCOOH 
RCOOH-::-CH.=CH-OC,Hs 


Summary 


The rate constants, the activation energies 
and the entropies of activation of the addition 
reactions of n-butyl vinyl ether with carboxylic 
acids in dioxane, anisole and toluene were 
determined. It was found that the reaction is 
first order with respect to vinyl-ether and second 
order with respect to carboxylic acid, and 
the rate of the reaction increases as the acidity 
of carboxylic acid increases and a linear Ham- 
mett relation is observed in the reaction of 
meta and para substituted benzoic acids. In 
a catalytic amount of phos- 
phoric acid, the rate increases linearly with its 
concentration. The addition involves two 
stages, namely the initial formation of inter- 
mediate complex from vinyl ether and carboxylic 
acid, followed by the reaction of the complex 
with another carboxylic acid. In addition, the 
solvent effect has been clarified and a general 
acid catalyzed reaction has been discussed in 
view of these results. 
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The Synthesis of a,;7-Glutamyl Peptides 


/ 


and the Cleavage Reactions of their ;-Glutamyl Peptide Linkages” 


By Tetsuo SHIBA and Takeo KANEKO 


(Received May 13, 1960) 


In previous papers*’*’, the structure of eise- 
nine, tripeptide isolated from the brown marine 
alga Eisenia bicyclis Setchell‘’*, had been con- 
firmed by synthesis. Eisenine was thus shown 
to be L-pyroglutamyl-L-glutaminyl-L-alanine (1). 
A similar tripeptide, fastigiatine, had been ob- 
tained by Fruton and his coworkers from the 
American marine alga Pelvetia fastigiata 


CO-CH: CH.-CONH, 

CH: CH CH 
NH-CH-CO-NH-CH-CO-NH-CH-COOH 
(1) 

CO-CH CH:-CONH, CH:-CONH, 
CH: CH CH 
NH-CH-CO-NH-CH-CO-NH-CH-COOH 
I] 


They suggested that fastigiatine is L-pyrogluta- 
myl-L-glutamunyl-L-glutamine (I]) However, 
our synthetic results have shown that this 
structure can not explain the physical constants 
of natural fastigiatine’’ Nevertheless, even 
if this structure is not correct, a pyrrolidone 
ring is certainly present in the molecule of 
fastigiatine. During the course of our investi- 
gations on these two naturally occurring 
peptides, eisenine and fastigiatine, the fact, 
that both contain a pyrrolidone ring, seemed 
to us to be of particular interest. 

With regard to the mechanism of formation 
of such a pyrrolidone ring, two _ possibilities 
were considered. One of them is a biosynthetic 
process in which only the ;-glutamyl peptide 
linkage of an a,7-glutamyl peptide existing in 
the living cell is cleft enzymatically thus forming 
the pyroglutamy!l peptide. With regard to this 
mechanism, Woodward and Reihart*? reported 


1) For the previous publication see T. Shiba and S 
Imai, J. Chem. Soc. Japan, Pure Chem. Sec. (Nippon Kagaku 
Zasshi), 80, 497 (1959). 

2) T. Kaneko, T. Shiba, W. Watarai, S. Imai, _ T. 
Shimada and K. Ueno, Chem. & Ind., 1957, 986. 

3) T. Shiba, J. Chem. Soc. Japan Pure Chem. Sec. (Nip- 
pon Kagaku Zasshi), 80, 492 (1959). 

4) T. Ohira, J. Agr. Chem. Soc. Japan (Nippon Nogei- 
Kagaku Kaishi), 15, 370 (1939 

5) T. Ohira, ibid., 16, 293 (1940 

6) C. A. Dekker, D. Stone and J. S. Fruton, J. Biol. 
Chem., 181, 719 (1949 

7) T. Shiba, S. Imai and T. Kaneko, This Bulletin, 31, 
244 (1958). 

8) G. E. Woodward and F. C. Reinhart, J. Biol. Chem., 
145, 471 (1942) 


that 7-glutamyl transpeptidase obtained from 
kidney, cleft selectively the 7-glutamyl peptide 
linkage in glutathione and that pyrrolidone 
carboxylic acid was preduced. Connell and 
Hanes”, in discussing this cleavage reaction, sug- 
gested that the 7-glutamyl peptide linkage had 
not been split by pure transpeptidase but by 
y-glutamyl lactamase. 

The second possibility is a non-enzymatic 
formation of the pyrrolidone ring. When a 
powder of the alga is heated in aqueous ethyl 
alcohol on a boiling water bath in order to 
extract the peptide, the original a,7-glutamyl 
peptide or glutaminyl peptide may be converted 
to a pyroglutamyl peptide such as eisenine or 
fastigiatine. In general, the 7-glutamyl peptide 
bond is much more labile than the a-peptide 
bond. Ellfolk and Synge'?, as well as Hird 
and Springell’’, have pointed out that pyrro- 
lidone carboxylic acid was produced from 
glutathione in a non-enzymatic reaction rather 
than an enzymatic one. Young and his co- 
workers'”? have observed a_ similar non- 
enzymatic reaction in the cases of several 7- 
glutamyl peptides. Glutamine or glutaminyl 
peptides are also easily cyclized to pyrrolidone 
carboxylic acid or to a pyroglutamyl peptide 
respectively by merely heating their aqueous 
solutions'*'*» Although the non-enymatic 
formation of pyrrolidone carboxylic acid from 
a jy-glutamyl peptide or of a pyroglutamyl 
peptide from a glutaminyl peptide has been 
studied, it is not certain whether a pyroglutamy!l 
peptide can be produced by cleavage of a,7- 
glutamyl peptide. In the present investigation 
several a,7-glutamyl peptides were synthesized 
and their selective cleavage reactions were 
studied. 

A few methods for the synthesis of a,7- 
glutamyl peptides were investigated in a case 
of the tetraethyl ester of carbobenzyloxy-a, 7- 
L-glutamyl di-L-glutamic acid. The first method 
(A) was based on the following reactions. 

9) G. E. Connell and C. S. Hanes, Nature, 177, 377 

(1956 

10) N. Ellfolk and R. L. Synge, Biochem. J., 59, 523 (1955 

11) F. J. R. Hird and P.H. Springell, ibid., 56, 417 (1954 

12) W. J. LeQuesne and G. T. Young, J. Chem. Soc., 

1952, 594 

13) D. A. Rowlands and G. T. Young, ibid., 1952, 3937 


14 J. Melville, Biochem. J., 29, 179 (1935 
15) K. Narita, Biochim. et Biophys. Acta, 3, 352 (1958) 








Carbobenzyloxy-7-L-glutamy! azide (V) ob- 
tained from ;-ethyl carbobenzyloxy-L-glutamate 
(III) via the hydrazide (IV), was condensed 
with diethyl-L-glutamate to give the carbo- 
benzyloxy-7-dipeptide diethyl ester (VI). This 
diester VI was then combined with diethyl-L- 
glutamate via its mixed anhydride VII with 
isovaleric acid to obtain tetraethyl carbo- 
benzyloxy-a, 7-L-glutamy]! di-L-glutamate(VIII). 


OC.H NHNH 
\) Chzo-Glu-OH — » Cbzo-Glu-OH 
Hil) IV) 
N 
- Cbzo-Glu-OH 
(V) 
OC.H 
OC-H Glu-OC.H 
a. Charts On 
(VI) 
q OC.H "| 
Glu-OC.H 
vq? /Cbz0-Glu-OCOC.Hs | 
(VII) 
OC.H; 
Glu-OC.H, 
OC-H OC.H 
eG OC: | Cbz0-Glu-Glu-OC:H; 
(VIII) 


In the second method B, diethyl carbo- 
benzyloxy-7-L-glutamyl-L-glutamate (VI), syn- 
thesized as in method A, was coupled with 
diethyl-L-glutamate by means of dicyclohexyl 
carbodiimide. Method B gives a better yield 
of VIII than method A. However, both 
methods have the disadvantage of giving poor 
yields of the intermediate VI from the azide 
V and of requiring many synthetic steps. 


OC.H; 
Glu-OC:H,; 
(B) Cbzo-Glu-OH 


(VI) 
OC.H 
OC:H Glu-OC.H 
H-Glu-OC.H : 
= » Cbz0-Glu-Glu-OC:H, 
Dicyclohexyl 
carbodiimide OC:H 
(VII1) 


Booth and his collaborators had synthesized 
the same carbobenzyloxy tetraester (VIII)'™. 
Their method was based on the preparation of 


16) J. H. Mowat etal., J. Am. Chem. Soc., 70, 1096 (1948). 
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diethyl carbobenzyloxy-a-glutamyl glutamate, 
followed by its conversiontinto VIII via the acid 
chloride method. Their synthesis suffers from 
similar defects as methods A and B. Later, they 
succeeded in condensing one mole of p-nitro- 
benzoyl-a, 7-glutamyl diazide with two moles 
of diethyl glutamate, thus forming in a single 
reaction tetraethyl p-nitrobenzoyl-a, 7-glutamy]l 
diglutamate'?. In our third method C this 
diazide method was applied to the carbo- 
benzyloxy derivative. Diethyl carbobenzyloxy- 
L-glutamate (IX) was obtained in good yield by 
the direct carbobenzyloxylation of diethyl 
L-glutamate. This diethyl ester (IX) was then 
converted into the dihydrazide (X,) and then to 
the diazide (XI), which was combined with 
two moles of diethyl L-glutamate to form 
tetraethyl carbobenzyloxy-a, 7-L-glutamyl di-L- 
glutamate (VIII). Method C was superior to 
methods A and B, because the synthetic path 
became shorter and an overall yield of 48% 
in reactions X to VIII was obtained. 


OC:H, OC:H; 
(C) H-Glu-oc.H, “°°! . Cbzo-Glu-OC.H; 
(IX) 
NHNH. N; 
» Cbzo-Glu-NHNH, -> Cbzo-Glu-N; 
(X) (XI) 
OC.H; 
Glu-OC:H; 
OC-H OC>H; 
oot OE, Cbz0-Glu-Glu-OC2Hs 
(VII) 


In our last method D, carbobenzyloxy-L- 
glutamic acid was directly coupled with two 
moles of diethyl L-glutamate using two moles 
of dicyclohexyl carbodiimide. The starting 
material for this reaction is easily available, 
only one step is required in order to obtain 
the desired product and an excellent yield 
(88%) is obtained. Therefore, this method is 
superior to the other methods. 


OH 
(D) Cbzo-Glu-OH 
(XII) 
OC>H: 
Glu-OC:;H.: 
OC.H OC:H 


2H-Glu-OC.H 


—— » Cbzo-Glu-Glu-OC,H; 
2DCCD 


(VIII) 


The carbobenzyloxy  tetraester obtained 
through such methods, was difficult to crystal- 


17) J. H. Mowat et al., ibid., 71, 2308 (1949). 
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lize, but was obtained as a gelatinous precipi- 
tate upon addition of petroleum ether to its 
solution in ethyl acetate. Several samples of 
VIII showed varying melting points due to the 
occlusion of solvent, but their infrared spectra 
were all identical. 

Carbobenzyloxy tetraester (VIII) prepared ac- 
cording to method D, was then hydrolyzed to 
carbobenzyloxy-a, 7-L-glutamyl di-L-glutamic 
acid (XIII), which was obtained as a syrup 
that did not crystallize. Compound XIII was 
hydrogenated to a,j7-L-glutamy! di-L-glutamic 

OC.H 
Glu-OC.H 
OC.H 
Cbzo-Glu-Glu-OC:;H 
(VIII) 
OH 
Glu-OH 
OH 
NaOH | Cbzo-Glu-Glu-OH 
(XII) 
OH 
Glu-OH 
OH 


H> __. H-Glu-Glu-OH 


Pd-C 
(XIV) 


acid (XIV), which had a tendency to decom- 
pose during evaporation in vacuo and therefore 
was lyophilized. 

As preliminary experiment for our method 
D, ;-ethyl carbobenzyloxy-L-glutamate (XV) 
was coupled with diethyl L-glutamate using 
dicyclohexyl carbodiimide. Triethyl carbo- 
benzyloxy-a-L-glutamyl-L-glutamate (XVI) was 
thus obtained in a good yield. Compound XVI 
was then hydrolyzed to carbobenzyloxy-a-L- 
glutamyl-L-glutamic acid (XVII), which was 
hydrogenated to a-L-glutamyl-L-glutamic acid 
(XVIII). 


OC.H,; 
Cbzo-Glu-OH 
(XV) 
OC:H 
OC:H Com 
H Glu-OC Hs Cbzo-Glu-Glu-OC;H 
DCCD 
(XVI) 
OH OH 
NaOH © Cbzo-Glu-Glu-OH 
(XVII) 
OH OH 
H H-Glu-Glu-OH 
Pd-C 


(XVIII) 
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For the purpose of preparing a-glutamyl 
dipeptides, the method of Bergmann and 
Zervas’, in which carbobenzyloxy glutamic 
anhydride is coupled with an amino acid ester, 
has hitherto mostly employed. The reaction 
products, however, always contained a small 
amount of ;-peptide as a by-product, which 
must be separated from the a-isomer by means 
of successive extractions or a countercurrent 
distribution. Therefore, the anhydride method 
is not only very tedious, but also disadvantage- 
ous as far as its yield is concerned. In con- 
trast, method D is believed to be a better 
synthetic approach to a-glutamyl peptides, since 
these defects are eliminated. 

Subsequently, a, 7-L-glutamyl diglycine (XX), 
a,7-L-glutamyl di-L-leucine (XXII) and a, 7-L- 
glutamyl di-Laspartic acid (XXIV) were also 
synthesized according to method D except that 
the amino acid benzyl esters were used in place 
of the ethyl esters. The benzyl esters of carbo- 
benzyloxy-a, 7-glutamyl petides (XIX, XxXI, 
XXIII) were hydrogenated to the a, 7-glutamy!] 
peptides (XX, XXII, XXIV) in one step. The 
hydrolysis step required for ethyl esters was 
thus eliminated. 


OH 
Cbzo-Glu-OH 
Gly-OC-;H 


2H-Gly-OC;H; 
SoS, Gbeo-Glu Gly-OC;H; 


2DCCD 
(XIX 
Gly-OH 
H? _. H-Glu-Gly-OH 
Pd-C . 
(XX) 
OH 


Cbzo-Glu-OH 
Leu-OC-;H 
met ined ance Cbzo-Glu-Leu-OC-;H; 


2pDCCD 
(XXI1) 
Leu-OH 
oy ce? H-Glu-Leu-OH 
(XXIT) 
OH 
Cbzo-Glu-OH 
OC-H 
Asp-OC-;H 
OC;H; OC-;H; 


2 H-Asp-OC7H; 


» Cbzo-Glu-Asp-OC;H,; 
2DCCD 


(XXIID) 


18) M. Bergmann and L. Zervas, Ber., 65, 1192 (1932). 
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OH 
Asp-OH 
OC-H 
asc? H-Glu-Asp-OH 


(XXIV) 


The hydrogenolysis of the benzylesters (XIX, 
XXI, XXIII) was carried out in open vessels 
after the addition of palladium-charcoal (1022). 
In the case of peptides of glycine XIX and 
of leucine XXIJ, this hydrogenolysis took place 
readily, while ietrabenzyl carbobenzyloxy-a, 7- 
glutamyl diaspartate (XXIII) was difficult to 
hydrogenate, probably owing to its steric struc- 
ture; the hydrogenated product XXIV could 
not be obtained in a pure state. 

For the purpose of the preparation of a,7- 
L-glutamyl di-L-lysine by a similar synthetic 
method, e-carbobenzyloxy-L-lysine methyl ester 
hydrochloride (XXV) and ¢-carbobenzyloxy-L- 
lysine benzyl ester hydrochloride (XXVI) were 
synthesized. The former (XXV) had been pre- 
pared from <-carbobenzyloxy-a-carboxyl-L-lysine 
anhydride and methyl alcoholic hydrochloric 
acid by Bergmann and his coworkers'”. Our 
advantageous method or preparation of <-carbo- 
benzyloxy lysine ester hydrochloride was based 
on the esterification of ¢-carbobenzyloxy-L- 
lysine obtained from copper lysinate and carbo- 
benzyloxy chloride”. =-Carbobenzyloxy-L- 
lysine was esterified with thionyl chloride in 
methyl alcohol for benzyl alcohol to yield the 
methyl ester hydrochloride (XXV) and the 
benzyl ester hydrochloride (XXVI) respectivels 
without decomposition of the carbobenzyloxy 
group. 
lysine 
acid in the presence of dicyclohexyl carbo- 
Complex mix- 
tures were obtained in all cases. This failure 
may be due to the molecular structures of 
XXV and XXVI. However, these cabobenzyl- 
oxylysine ester hydrochlorides (XXV_ and 
XXVI) may be useful intermediates in the 
syntheses of other lysine peptides. 


The condensation reactions of these 
esters with carbobenzyloxy glutamic 


diimide were not successful. 


Cbzo- NH(CH.),CH(NH.-HCI])COOCH 
(XXV) 
Cbzo-NH(CH:)4(NH2- HCl) COOCH2C.H 
(XXVI 


In the course of all condensation reactions 
in the presence of cyclohexyl carbodiimide, 
pure dicyclohexyl urea always separated in 
crystalline form from the reaction mixture. In 


19) M. Bergmann, L. Zervas and W. F. Ross, J. Biol. 
Chem., 111, 245 (1935). 

20) A. Neuberger and F. Sanger., Biochem. J., 37, SIS 
(1943) 


order to use it repeatedly for other reactions, 
dicyclohexyl carbodiimide was recovered from 
dicyclohexyl urea in fair yield according to the 
method of Amiard and Heymes 

Concerning the mechanism of the condensa- 
tion reaction in the presence of dicyclohexyl 
carbodiimide, we supposed at first that two 
moles of amino acid ester would combine 
simultaneously with one mole of carbobenzyloxy 
glutamic acid in the presence of two moles 
of dicyclohexyl carbodiimide. However, when 
solutions of one mole of carbobenzyloxyv- 
glutamic acid and of two moles of dicyclo- 
hexyl carbodiimide were mixed before the 
addition of any amino acid ester, it was 
observed that nearly one mole of dicyclohexyl 
urea separated out immediately. When two 
moles of amino acid ester were then added 
to the filtrate from this urea derivative, the 
expected a,7-glutamyl peptide was obtained 
in good yield and another mole of dicyclo- 
hexyl urea was formed at the same time. 
Therefore, the reactioncan be better explained 
by a three step mechanism as follows. In the 
first step, one mole of carbobenzyloxy glutamic 
acid reacts with one mole of dicyclohexyl 
carbodiimide to form carbobenzyloxy-glutamic 
anhydride (XXVIII). In the second step, the 
anhydride ring is opened by one mole of amino 
acid ester according to the same mechanism 
as in the method of Bergmann and Zervas 
with the formation of a mixture of a- and 7- 
dipeptide derivatives XXVIIf and XXIX. In 
the third step, these condense with another 
mole of amino acid ester by the action of one 
mole of dicyclohexyl carbodiimide to give a 
single product XXX. 


OH 
Cbzo-Glu-OH oe Cbzo-Glu-O 
(XXVII) 
OH 
Cbzo-Glu-AA-OR 
(XXVIII 
1H AA OR 
\A-OR 
Cbzo-Glu-OH 
(XXIX) 
AA-OR 
se en» Cbz0-Glu-AA-OR 


XXX 


In fact, when one mole of carbobenzyloxy-L- 
glutamic acid and one mole of dicyclohexyl 


carbodiimide were mixed, about 0.9mol. of 


2 G. Amiard and R. Heymes, Bull. s chim. France, 
1956, 1360 
AA-- amino acid residue, -NH-CH(R)-CO 


December, 1960] 


dicyclohexyl urea was always obtained as a 
precipitate: hence it appears that  carbo- 
benzyloxy glutamic anhydride (XXVII) must 
be formed, but all efforts to crystallize it from 
the reaction mixture were unsuccessful. 
Although the formation of the anhydride 
(XXVIII) could not be directly proven, the above 
mentioned mechanism could be demonstrated 
indirectly by the following experiment. When 
one mole of pure carbobenzyloxy-L-glutamic 
anhydride (XXVIII), prepared from _ carbo- 
benzyloy glutamic acid and acetic anhydride 
by the usual method, was reacted with two 
moles of glycine benzyl ester by means of one 
mole of dicyclohexyl carbodiimide, dibenzyl- 
carbobenzyloxy-a, 7-L-glutamyl diglycinate 
(XIX) was obtained in very good yield (92%). 
This supports the above described three-step 
mechanism. 

When the synthesis of a-glutamyl glutamic 
acid (XVIII) was carried out in a stepwise 
fashion, i.e. when 7-ethyl carbobenzyloxy-L- 
glutamate was mixed with a solution of di- 
cyclohexyl carbodiimide, before diethyl L- 
glutamate was added, a precipitate of dicyclo- 
hexyl urea was also observed. It is assumed, 
that in this case one mole of the carbobenzyl- 
oxy-y-ester and a half mole of dicyclohexyl 
carbodiimide form an intermolecular anhydride 
XXXI, which then reacts with one mole of 
diethyl glutamate by means of a half mole 
of dicyclohexyl carbodiimide in a similar 
manner as the a,jy-glutamyl peptide diester 
(XXX) is assumed to be formed from carbo- 
benzyloxy-glutamic anhydride (XXVII). 


OC:H; 
Cbzo-Gul-OH 
r OC:?H;4 
0SDCCD > Lobes Glu O 
(XXXII) 
OC:H; 
OC:2H; 
0.5DCCD 7 . ; / 
a ae Cbzo-Glu-Glu-OC:H; 
OC.H 


Muramatsu and Hagitani have shown that 
formyl-S-alanine can also be converted to its 
bimolecular anhydride by means of dicyclo- 
hexyl carbodiimide. Only a small amount of 
other information on the formation of an- 
hydrides by the reaction of dicyclohexyl 
carbodiimide with N-substituted-a-amino acids 
is available. 

Finally, the cleavage of four a,7-glutamyl 
peptides, as well as of a-glutamyl glutamic 
acid and of ;-glutamyl glutamic acid, caused 


22) I. Muramatsu and S. Hagitani, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 80, 1497 (1959). 
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by heating the aqueous solutions of these 
peptides, was investigated. The results are 
presented in Figs. 1—6. In the case of a, j7-L- 
glutamyl di-L-glutamic acid (ld), a small 
amount of pyrrolidone carboxylic acid (1b) 
was split off after only one week at 40°C. 
However, at 100°C both pyrrolidone carboxylic 
acid (1b) and glutamic acid (le) began to 
appear already after one hour. The a, 7-peptide 
(1d) disappeared completely after nine hours, 
while a new spot lc appeared after three 
hours and became gradually stronger on longer 
heating. It was not colored by ninhydrin, 
but colored by Bromothymol Blue, and is sup- 
posed to be pyroglutamyl glutamic acid. From 
the result of this experiment, it was concluded 
that a,7-glutamyl diglutamic acid in aqueous 
solution was decomposed at 100°C to pyrro- 
lidone carboxylic acid and or glutamic acid 
and pyroglutamyl glutamic acid by a selective 
cleavage of its ;-peptide linkage as shown 
below. 


OH 
Glu-OH 
OH 
H-Glu-Glu-OH 
(1d 
, OH 
Glu-OH Glu-Glu-OH 
(1b (Ic) 
OH 
H-Glu-OH 
(le) 


The cleavage of a,j-L-glutamyl diglycine 
(Fig. 2), a, 7-L-glutamyl di-L-aspartic acid (Fig. 
3), and a,y-L-glutamyl di-L-leucine (Fig. 4) 
proceeded in a similar manner. The decom- 
positions began after one hour at 100°C and 
were completed after ten to twenty hours. 
These cleavage reactions may be represented 
as follows. 


Gly-OH 
H-Glu-Gly-OH H-Gly-OH Glu-Gly-OH 
(2b) (2c) (2a) 
OH 
Asp-OH 
OH OH ‘ OH 
H-Glu-Asp-OH H-Asp-OH Glu-Asp-OH 
(3b) (3c) (3a) 
Leu-OH 
H-Glu-Leu-OH H-Leu-OH Glu-Leu-OH 
(4b) (4c) (4a) 
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In the course of the decomposition of 7- 
glytamy! glutamic acid (Fig. 5), the Bromothy- 
mol Blue positive spot (Sa) of pyrrolidone 
carboxylic acid appeared before the ninhydrin 
spot of glutamic acid (Sc). Since Bromothymol 
Blue is a less sensitive reagent than ninhydrin, 
this indicates that both glutamic acid residues 
of the dipeptide were first decomposed to 
pyrrolidone carboxylic acid, which was then 
converted to glutamic acid. 


OH 

Glu-OH OH 
H-Glu-OH -+ 2. -Glu-OH H-Glu-OH 

(Sb) (Sa) (Sc) 


On the other hand, a-L-glutamyl glutamic 
acid was rather stable and began to decompose 
after only twenty hours (Fig. 6). 

From the results of this invesigation it may 
be concluded that a,7-glutamyl peptides are 
subject to the selective cleavage of the 7-peptide 
bond on heating of the aqueous solutions, with 
the formation of a pyroglutamyl peptide and 
an amino acid. The rate of the decomposition 
was independent of the nature of the amino 
acid linked to the 7-glutamyl caboxyl group. 
On the basis of the cleavage reactions described 
above it is reasonable to assume that the 
pyroglutamyl peptides of marine algae were 
formed from glutaminyl peptides or from a,7- 
glutamyl peptides in the course of the heating 
during their isolation. 


Experimental 


Diethyl Carbobenzyloxy-L-glutamate (IX).—A 
solution of 83g. (0.35 mol.) of diethyl L-glutamate 
hydrochloride in 500ml. of water was mixed with 
44 ml. of an aqueous solution of 4N sodium carbon- 
ate. To this solution of pH 7~8, 70g. (0.4i mol.) 
of carbobenzyloxy chloride and 50 ml. of an aqueous 
solution of 4N sodium carbonate were added. The 
reaction mixture was vigorously stirred at room tem- 
perature (25 C) for three hours. It was extracted 
twice with 100 ml. of ether. The combined extract 
was washed with aqueous sodium carbonate, dried 
with sodium sulfate, and then evaporated in vacuo 
to a syrupy residue, which crystallized after two 
weeks’ standing at room temperature; yield 103 g. 
(892,). It was recrystallized from ethyl alcohol 
and water, needles, m. p. 39~42 C. 

Found: C, 60.91; H. 6.73: N, 4.04. Calcd. 
for Ci;7H30;N: C, 60.52; H, 6.87; N, 4.15%. 

In order to confirm the optical purity of the 
product, 4.1 g. was dissolved in 80 ml. of 1 N sodium 
hydroxide solution at room temperature during two 
hours. Then, the solution was acidified with 5N 
hydrochloric acid and extracted with ethyl acetate. 
The extract was shaken with an aqueous solution 
of IN sodium carbonate. The aqueous layer 
was separated, acidified and extracted with ethyl 
acetate. This extract was evaporated in vacuo to 


Takeo KANEKO [Vol. 33, No. 12 
a residue, which was hydrogenated in 20ml. of 
methyl! alcohol and 20 ml. of water in an open vessel 
in the presence of 100 mg. of 5% palladium-charcoal. 
After filtration of the catalyst and evaporation of 
the filtrate a residue was obtained, which was 
crystallized from water; yield, 0.4g. On recrystal- 
lization, 255mg. of pure tL-glutamic acid was 
obtained. The overall yield from carbobenzyloxy 
diester (IX) was 14 percent. [a]j;—31.8° (c, 2.74, 


2n HCI). 
Found: C, 40.34; H, 6.17; H, 9.44. Caled. 
for C;H,O,.N ; C, 40.81; H, 6.17; N, 9.52%. 


Carbobenzyloxy-.t-glutamic Dihydrazide (X). 
To a solution of 72g. of diethyl carbobenzyloxy-L- 
glutamate (IX) in 150ml. of 99% ethyl alcohol, 
100 ml. of 90%, hydrazine hydrate was added with 
stirring during forty-five minutes. The temperature 
of the reaction mixture was kept below 30°C. 
When a large amount of a solid product formed 
during the reaction, another 100 ml. of ethyl alcohol 
was added. Vigorous stirring was continued for 
one hour and a half. The white precipitate formed 
was filtered and then was dissolved in 5N hydro- 
chloric acid. A_ solution of sodium acetate 
was carefully added until a pH of 4 was reached. 
After standing overnight, 40 g. of fine needles were 
obtained ; yield 60%, m.p. 183~184°C (decomp.). 
[a]p —14.2° (c, 3.05, 2N HCl). Recrystallization 
from hydrochloric acid and aqueous sodium acetate 
gave crystals of m. p. 203~204°C (dec.). 

Found: C, 50.57; H, 5.91; N, 22.60. Calcd. 
for Ci3H;gO.N;: C, 50.49; H, 6.15; N, 22.64%. 

Tetraethyl Carbobenzyloxy-a, 7-1-glutamy! Di- 
L-glutamate (VIII). Method A. Diethyl carbo- 
benzyloxy-7-L-glutamyl glutamate (VI) prepared from 
6.0g. (0.02 mol.) of carbobenzyloxy-7-L-glutamyl 
hydrazide by the azide method**», was dissolved in 
25ml. of toluene and 25ml. of chloroform, and 
3.7g. (0.02 mol.) of tri-n-butylamine and 2.4g. 
0.02 mol.) of isovalery! chloride were added with 
Stirring to the solution kept below 5°C. Stirring 
was continued for two hours while the temperature 
of the reaction mixture was kept at 0°C. A solu- 
tion of free diethyl glutamate prepared from 4.8 g. 
(0.02 mol.) of diethyl L-glytamate hydrochloride and 
3.7g. (0.02 mol.) of tri-m-butylamine, in 50 ml. of 
chloroform, was added dropwise below 0°C within 
ten minutes. The reaction mixture was stirred for 
three hours between 0° and — 10°C, then permitted to 
stand at room temperature for a few hours. The 
reaction mixture was washed with water, 3%, aque- 
ous sodium bicarbonate, 0.5% hydrochloric acid 
and water, and dried with sodium sulfate. Upon 
addition of petroleum ether crystals formed, which 
were filtered and dried over phosphorus pentoxide 
in vacuo; yield, 5.9g. (45% based on carbobenzyloxy- 
L-glutamyl-7-hydrazide), m. p. 133~134°C (sintered 
at 103~104°C). The melting point could be raised 
up to 134~136°C* (sintered at 106~108°C) by 


23) T. Shiba and S. Imai, J. Chem. Soc. Japan, Pure Chem. 
Sec. (Nippon Kagaku Zasshi), 80, 176 (1959). 

* J. H. Mowat, Y. Subborow et al. (J. Am. Chem. Soc., 
71, 2308 (1949)) have synthesized tetracthyl carbobenzyloxy- 
a, ;-L-glutamyl]-L-glutamate from tetraethyl p-nitrobenzoyl- 
a, ;-L-glutamyl-L-glutamate by replacing the _ p-nitro- 
benzoyl group with a carbobenzyloxy group. Their sample 
had a melting point of 140.5~142.0°C (sintered at 105~ 
107°C) 
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recrystallization from ethyl alcohol and water. 
[a]p—15.9° (c, 3.01, 992, EtOH 

Found: C, 56.62; H, 7.16; N, 6.67. Calcd. 
for C3,Hs;0.2N;: C. 57.13; H, 6.96; N, 6.45 

Method B.—-To a solution of 5.7g. (0.035 mol.) 
of diethyl glutamate hydrochloride in 50ml. of 
tetrahydrofuran, 1.7g. of triethylamine was added 
and the triethylamine hydrochloride formed was 
filtered off. To the solution of the free ester, 7.6. 
(0.0163 mol.) of diethyl carbobenzyloxy-7-L-gluta- 
myl-L_-glutamate (VI) and 3.4g. (0.0163 mol.) of 
dicyclohexyl carbodiimide in 50 ml. of tetrahydro- 
furan were added. After stirring for five hours, 
0.4ml. of glacial acetic acid was added and stirring 
was continued for another hour in order to decompose 
unreacted carbodiimide. After filtrations of the 
dicyclohexyl urea, which weighed 3.3 g. (89°,) and 
melted at 228~229 C, the filtrate was evaporated 
in vacuo. The syrupy residue was dissolved in 
ethyl acetate, the solution was washed with dilute 
hydrochloric acid, aqueous potassium bicarbonate 
and water, dried with sodium sulfate and concen- 
trated in vacuo. The gelatinous residue was re- 
crystallized from ethyl acetate and petroleum ether 
to give 8.8 g. (83%) of a colorless powder, m. p. 
124~127°C (sintered at 92~98-C). 

Found: C, 56.85; H, 6.92; N, 6.69. Calcd. 
for C3,;HysO12.N3: C, 57.13; H, 6.95; N, 6.45%. 

Method C.—In a mixture of 50ml. of water, 15 
ml. of concentrated hydrochloric acid and 50 ml. 
of chloroform, 6.2 g. (0.02 mol.) of carbobenzyloxy- 
L-glutamic dihyrazide (X) was dissolved. After 
cooling to 0€, 30ml. of an aqueous solution of 
5.5g. (0.08 mol.) of sodium nitrite was added 
dropwise within ten minutes. The reaction temper- 
ature must not exceed 5 C. After stirring for 
one hour at 0-C, the aqueous layer was separated 
and extracted twice with 30 ml. of chloroform. The 
combined chloroform solution was washed twice 
with cold water and dried with sodium sulfate. 
A solution of diethyl L-glutamate was prepared by 
dissolving 24.0g. (0.10 mol.) of diethyl L-glutamate 
hydrochloride and 20.5g. (0.20 mol.) of potassium 
bicarbonate in 50 ml. of water and extracting this 
solution three times with S5O0ml. of chloroform. 
The combined extract was washed with water and 
dried with sodium sulfate. The solution of diazide 
obtained above was added dropwise during five 
minutes to this solution, while the temperature was 
kept at —5°C. The reaction mixture was stirred 
for two hours between 10°C to O°C, and then 
permitted to stand overnight at room temperature. 
The reaction mixture was washed with dilute hydro- 
chloric acid and then with a small amount of 
water, dried with sodium sulfate and evaporated in 
vacuo. The syrupy residue was reprecipitated from 
ethyl acetate and petroleum ether. The gelatinous 
precipitate was filtered and crystallized from ethyl 
alcohol and water to yield crystals, which after 
drying for a day in vacuo at 65°C weighed 6.3 g. 
(48°,), m. p. 129~131°C (sintered at 99~102°C). 

Found: C, 56.88; H, 6.82; N, 6.76; Calcd. 
for C3\Hqs01:N3;: C, 57.13; H, 6.96; N, 6.45%. 

Method D.--A solution of 5.6g. (0.02 mol.) of 
carbobenzyloxy-L-glutamic acid (XII) in 25ml. of 
tetrahydrofuran and a solution of 10.0g. (0.048 
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mol.) of dicyclohexyl carbodiimide 25 ml. of tetra- 
hydrofuran were mixed. White crystalline dicyclo- 
hexy! urea began to form after a few minutes. 
Without removing the precipitate, a _ solution 
of diethyl L-glutamate was added. This solution 
had been prepared by adding 6.0g. (0.06 mol.) of 
triethylamines to a solution of 14.3 g. (0.06 mol.) 
of diethyl L-glutamate hydrochloride in 30 ml. of 
tetrahydrofuran and removing the triethylamine 
hydrochloride formed by filtration. After the ad- 
dition of the diethyl t-glutamate, the reaction 
mixture was stirred for five hours and then allowed to 
stand overnight. In order to decompose unreacted 
carbodiimide, 0.5ml. of glacial acetic acid was 
added to the reaction mixture and the precipitate of 
dicyclohexyl urea (8.3g.) was filtered off. The 
filtrate was evaporated in vacuo and the residue was 
dissolved in 100 ml. of ethyl acetate. The solution 
was washed with dilute hydrochloric acid, aqueous 
potassium bicarbonate and water and then dried 
with sodium sulfate. Upon addition of petroleum 
ether a gelatinous precipitate was obtained, which 
was filtered and dried in vacuo over phosphorus 
pentoxide: vield 11.4g. (88%), m.p. 85~91 CC. A 
recrystaillzed sample melted at 118~120 C (sintered 
at 102~104 C). 

Found: C, 56.89; H, 6.73; N, 6.93. Caled. for 
C3,Hs;0,;2.N2: C, 57.13; H, 6.96; N, 6.45%. 

a,7-L-Glutamy! Di-L-glutamic Acid (XIV).--To 
a solution of 29.5g. (0.045 mol.) of tetraethyl 
carbobenzvloxy-a,7-L-glutamyl di-L-glutamate in 100 
ml. of 1 N sodium hydroxide was added. After 
standing for one hour at room temperature the 
reaction mixture was neutralized with 2N hydro- 
chloric acid, then concentrated to about 100 ml. in 
vacuo, acidified to Thymol Blue and extracted five 
times with 100 ml. of ethyl acetate. The extract was 
shaken five times with aqueous sodium carbonate. 
The combined aqueous layers were neutralized, 
concentrated to 200 ml., acidified and extracted again 
six times with 100 ml. of ethyl acetate. The extracted 
was dried with sodium sulfate and evaporated in 
vacuo to 20g. of a syrup, which did not crystallize ; 
yield 82%. 

A solution of 7.0g. of syrupy carbobenzyloxy- 
a,y-L-glutamyl di-t-glutamic acid in 1COml. of 
methyl alcohol and 100ml. of water, was hydro- 
genated by the usual method using 1.0g. of 5% 
palladium-charcoal. After the catalyst was filtered 
off, the filtrate was concentrated in vacuo below 
35°C to a volume of about 100ml., and then 
lyophilized: yield 3.6g. (96%), m.p. 121~123'C 
(dec.). [a]$#+1.4° (c, 2.55, 2N HCl). 

Found: C, 42.55; H, 6.27; N, 10.07. Calcd. 
for C,;He:OjN3;-H20O: C, 42.55; H, 5.95; N, 
9.93 

Triethyl Carbobenzyloxy-a2-L-glutamyl-L-gluta- 
mate (XVI To a solution of 5.8g. (0.024 mol.) 
of diethyl-L-glutamate hydrochloride in 50 ml. of 
tetrahydrofuran, 1.6g. of triethylamine was added. 
After removal of the triethylamine hydrochloride 
formed, the filtrate was poured to a mixture of 5.0 
g. (0.016 mol.) of ;7-ethyl carbobenzyloxy-L-gluta- 
mate (XV) and 3.6g. (0.017 mol.) of dicyclohexyl 
carbodiimide in 50 ml. of tetrahydrofuran. The re- 
action mixture was stirred for three hours, and 
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then treated with 0.5ml. of glacial acetic acid to 
decompose the excess of carbodiimide. The insoluble 
dicyclohexyl urea was removed by filtration and 
washed; Yield 3.2g. (849,). The solvent was 
replaced by ethyl acetate and the solution was washed 
with dilute hydrochloric acid, aqueous potassium 
bicarbonate and water. After drying with sodium 
sulfate the solvent was evaporated in vacuo to a 
residue, which was crystallized from ethyl acetate 
and petroleum ether; yield 6.5g. (8172), m. p. 60~ 
64°C (sintered at 45~52°C). 

Found: C, 58.72; H, 7.03; N, 5.83. Caled. for 
CaH3,0OoN:: C, 58.29; H, 6.93; N, 5.67%. 

Carbobenzyloxy-a-L-glutamyl-L-glutamic Acid 
(XVII).—To a solution of 6.2g. (0.0125 mol.) of 
carbobenzyloxy triester (XVI) in 50ml. of methyl 
alcohol, 50 ml. of 1N sodium hydroxide was added. 
After standing at room temperature for two and 
a half hours a small amount of undissolved sub- 
stance was removed by filtration and the filtrate 
was acidified with 2N hydrochloric acid and ex- 
tracted fou times with ethyl acetate. The dried 
extract was evaporated in vacuo to a syrup, which 
was dissolved in 100 ml. of hot water. On cooling, 
crystals formed which were recrystallized from 
aqueous ethyl alcohol; yield 2.8g. (54°,), m.p. 
161~164 C (decomp.) (sinters at 139°C). 

Found: C, 53.13; H, 5.92; N, 7.03. Caled. 
for CisH220,N2: C, 53.68; H, 5.40; N, 6.832%. 

a-L-Glutamyl-L-glutamic Acid (XVIII).—-A solu- 
tion of 1.9. of carbobenzyloxy dipeptide XVII in 
40 ml. of methyl alcohol and 20 mi. of water was 
hydrogenated using 5% palladium-charcoal The 
catalyst was filtered off and washed with hot water. 
The filtrate and the washings were combined and 
evaporated in vacuo. The residue was crystallized 
from water and ethyl alcohol; yield 0.9g. (617.). 
m.p. 178~179-C (decomp.). Its infrared spectrum 
was completely identical with that of a-L-glutamyl- 
L-glutamic acid prepared from  carbobenzyloxy 
glutamic anhydride according to Bergmann’s method. 

Found: C, 43.30; H, 5.63; N, 9.99. Calcd. 
for CyoHigO;N2: C, 43.48; H, 5.84; N, 10.142. 

Di-benzyl Carbobenzyloxy-a, 7-L-glutamyl Di- 
glycinate (XIX). — Benzyl glycinate-p-toluenesulfo- 
nate was prepared according to the method of Izumiya 
and Makisumi*?. To a solution of 15.0g. (0.045 
mol.) of this ester salt (m.p. 130~131-C) in 100 
ml. of chloroform, 4.5g. (0.045 mol.) of triethyl- 
amine was added. The mixture was poured into 
a solution of 5.6g. (0.020 mol.) of carbobenzyloxy- 
L-glutamic acid in 100 ml. of tetrahydrofuran. Then 
a solution of 11.0g. (0.053 mol.) of dicyclohexy! 
carbodiimide in 100 ml. of tetahydrofuran was added. 
After the reaction mixture was stirred at room 
temperature for seven hours, the cyclohexyl urea 
formed was filtered off; weight 4.4g. (50%.). A 
small amount of glacial acetic acid was added to 
the filtrate. After two hours’ stirring the reaction 
mixture Was evaporated in vacuo and the residue 
was dissolved in ethyl acetate. Undissolved dicyclo- 
hexyl urea was filtered off. Upon addition of 
petroleum ether to the filtrate a precipitate was ob- 
tained which was recrystallized from ethyl alcohol, 


24) N. Izumiya and §S. Makisumi, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 78, 1768 (1957). 
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and dried in vacuo over phosphorus pentoxide; yield 
5.5g. (482,), m.p. 146~149-C. 

Found: C, 64.25; H, 5.76; N, 7.48. Calcd. 
for C3,;H3;0,N3: C, 64.68; H, 5.78; N, 7.30%. 

a,7-.-Glutamyl Diglycine (XX).—A _ solution 
of 5.1 g. of dibenzy! ester XIX in 50 ml. of dioxane, 
50 ml. of methyl alcohol and S50 ml. of water, was 
hydrogenated by the usual method using 1.0g. of 
5%, palladum-charcoal. After the catalyst was 
filtered off, the filtrate was evaporated in vacuo 
and the residue was lyophilized ; yield 1.6g. (7020), 
m.p. 73~77-C (sintered at about 68°C). It was 
dried in vacuo over phosphorus pentoxide for an 
elementary analysis. pK}, 2.79; pK}, 3.69; pK 
8.02. 

Found: C, 38.75; H, 6.03; N, 14.56; MW, 
290. Calcd. for CoH;;0;N3-H2O: C, 38.71; H., 
6.14; N, 15.05%, MW, 279. 

The molecular weight was calculated from the 
neutralization equivalent as dibasic acid. 

Diethyl Carbobenzyloxy-a, 7-L-glutamy! Di-.- 
leucinate (XXI).—A solution of 7.0 g. (0.025 mol.) 
of carbobenzyloxy-L-glutamic acid in 75 ml. of tetra- 
hydrofuran and a solution of 3.4g. (0.065 mol.) 
of dicyclohexyl carbodiimide in 75 ml. of tetra- 
hydrofuran were mixed. Without removing the 
precipitate of dicyclohexyl urea which formed, a 
solution of benzyl L-leucinate was added. This 
solution had been prepared by adding 6.5g. (0.065 
mol.) of triethylamine to a suspension of 23.6g. 
(0.05mol.) of benzyl L-leucinate-p-toluenesul- 
fonate-? (m.p. 154~155-C) in 150ml. of chloro- 
form. After the addition of the benzyl L-leucinate, 
the reaction mixture was stirred for five hours. 
The precipitate of dicyclohexyl urea was removed 
by filtration and washed with tetrahydrofuran ; 
weighte 8.3g. (57%). After addition of a small 
amount of glacial acetic acid and filtration of a 
further precipitate (2.2g.), the filtrate was evapo- 
rated to dryness in vacuo. The residue was dis- 
solved in ethyl acetate and washed with water, 
dilute sodium bicarbonate, dilute hydrochloric acid 
and water. The solvent was removed and petroleum 
ether was added to the residue. After cooling, a 
gelatinous precipitate formed. It was recrystallized 
from ethyl alcohol and water, and dried in vacuo 
over phosphorus pentoxide; yield 10.9g., m.p. 
107~116°C (softened at 98°C). From the mother 
liquor, 3.1g. of crystals were obtained ; total yield 
82%. 

Found: C, 67.86; H, 7.11; N, 6.53. Caled. 
for CsgHyOsN3: C, 68.10; H, 7.18; N, 6.11%. 

a, 7-L-Glutamy! Di-t-leucine (XXII).—A solution 
of 5.0g. of dibenzyl ester XXI in 30 ml. of methy! 
alcohol, 80 ml. of dioxane and 30 ml. of water was 
hydrogenated using 1.0g. of 5% palladium-charcoal. 
After filtration of the catalyst, the filtrate was con- 
centrated in vacuo to a volume of about 65 ml. 
The remaining solvent was removed by lyophili- 
zation; yield 1.8g. (67%), m.p. 137~141°C 
(softened at 134°C, pK;, 2.81; pKi, 3.75; pK, 
8.07). The molecular weight was calculated from 
the neutralization equivalent as a dibasic acid. 

Found: C, 52.65; H, 8.37; N, 10.13; MW, 
464. Calcd. for Ci7H3,0s.N3-H20: C, 52.22; H, 
8.51; N, 10.75%; MW, 391. 
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Tetrabenzyl Carbobenzyloxy-a, 7-L-glutamy! Di- 
L-aspartate (XXIII).—To a suspension of 31.0g. 
0.070 mol.) of dibenzyl-L-aspartate-p-toluenesul- 
fonate (m.p. 152°C)? in 200ml. of chloroform, 
7.0g. (0.070 mol.) of triethylamine was added to 
give a clear solution of the free ester. Solution of 
7.0g. (0.025 mol.) of carbobenzyloxy-L-glutamic 
acid in 100ml. of tetrahydrofuran and of 14.5g. 
0.070 mol.) of dicyclohexyl carbodiimide in 100 ml. 
of tetrahydrofuran were added to the solution of 
the free ester with ice-cooling. The mixture was then 
Stirred at room temperature for nine hours. A 
gelatinous precipitate was filtered off. This precipi- 
tate seemed to be a mixture of the expected tetra- 
benzyl ester and dicyclohexyl urea. Therefore, it 
was extracted with tetrahydrofuran and the extract 
was evaporated. The residue was dissolved in ethyl 
alcohol and tetrahydrofuran, and crystallized by 
adding water to the solution. Recrystallization 
from the same solvents gave 7.6g. of crystals, m. p. 
139~145°C. Some dicyclohexyl urea which had 
separated out from the mother liquor of the gelatin- 
Ous precipitate was removed by filtration, and the 
filtrate was washed with acid, aqueous sodium 
bicarbonate and water. Upon addition of petroleum 
ether a precipitate formed which was recrystallized 
from a mixture of ethyl acetate, tetrahydrofuran 


and petroleum ether; weighted 4.5g., m.p. 152~ 


1S8-C (softened at 145°C). The total vield was 
12.1 g. (56%). 

Found: C, 67.11; H, 5.75; N, 4.9%. Caled. 
for CygHygOQi2N3: C, 67.51; H, 5.63; N, 4.8826. 


a,7-L-Glutamyl Di-L-aspartic Acid (XXIV).--A 
solution of 3.0g. of compound XXIII in 30 ml. of 
methyl alcohol, 9) ml. of dioxane and 30ml. of 
water, was hydrogenaied using 0.7g. of 5%. pal- 
ladium-charcoal. After filtration of the catalyst, 
the filtrate and the washings were combined, 
concentrated in vacuo to about 30ml. and then 
lyophilized to a solid, which weighed 1.2g., m. p. 
58~63-C. Elementary analysis, however, indicated 
that this substance was a mixture of the expected 
compound XXIV and starting material XXIII. 
Therefore, 0.7g. of this substance was again 
hydrogenated. A paper chromatogram of the re- 
duction product showed only one ninhydrin- 
positive spot but elementary analysis showed that 
the substance was still not pure. 


Methyl ¢-Carbobenzyloxy-L-lysinate Hydrochlo- 
ride (XXV).—To a suspension of 2.0g. (0.072 mol.) 
of <-carbobenzyloxy-t-lysine-, m.p. 248~250°C 
decomp.) in 15 ml. of methyi alcohol, 1.0g. (0.084 
mol.) of thionyl chloride was added dropwise at 0°C. 
The reaction mixture was permitted to stand one hour 
and a half ina water bath of 40°C and then twenty 
hours at 25°C. After evaporated to dryness in 
vacuo, water was added toa residue and evaporated 
again in vacuo. Addition of water followed by 
evaporation was repeated several times to remove 
the excess of thionyl chloride and hydrochloric 
icid. The residue was crystallized from 99%, ethyl 
alcohol-ethyl acetate. Pure ester hydrochloride was 
obtained after recrystallization from the same sol- 
vent; weighted 2.0g. (84%), m.p. 113~114°C 
(sintered at 111°C). 


Found: C, 54.21; H, 6.80; N, 8.41; Cl, 10.99. 
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Calcd. for C,;;H2,0,;N2Cl: C, 54.30; H. 7.24; N, 
8.45; Cl, 10.71 

Benzyl ¢e-Carbobenzyloxy-t-lysinate tiydrochlo- 
ride (XXVI).—To a suspension of 1.7g. (0.006 
mol.) of <¢«-carbobenzyloxy-L-lysine 10 ml. of 
benzyl alcohol there was added dropwise at — 10°C, 
0.9g. (0.0076mol.) of thionyl chloride. The 
reaction mixture was permitted to stand at 40°C 
for four hours, and then at 29-C for twenty three 
hours. It was then concentrated in vacuo. Upon 
addition of ether, gelatinous precipitate formed, 
washed with ether, and re- 
weight 


which was filtered off, 
crystallized from 99%, ethyl alcohol-ether ; 
0.5g., m.p. 131°C. A second crop of ester hydro- 
chloride was obtained from the mother liquor by 
addition of more ether; weight 0.2¢. The total 
vield was 24%,. A sample recrystallized from the 
same solvent for elementary analysis melted at 
133~134-C. 

Found: C, 61.34; H, 6.84; N, 6.98; Cl, 8.55. 
Calcd. for C.;H2;O,;N2Cl: C, 61.98; H, 6.69, N, 
6.89; Cl, 8.7] 

Recovery of Dicyclohexyl Carbodiimide from 
Dicyclohexylurea.—To 49.5g. (0.22 mol.) of di- 
cyclohexyl urea, 90g. of pyridine and 43.9g. (0.22 
mol.) of p-toluenesulfonyl chloride were added. 
The reaction mixture was stirred for one and a 
half hours at 70~75-C, whereby a faintly yellow 
precipitate formed. After cooling, petroleum ether 
was added. The reaction mixture was filtered, and 
a small amount of triethylamine was added to the 
filtrate which was then boiled for one hour. A 
brown precipitate separated out and was filtered 
off. The filtrate was evaporated in vacuo to a 
syrup, which was distilled under reduced 
It solidified at room temperature; yield 31.8 g. 
(7025), b. p. 120~130 C/3 mmHg. 

Cleavage Reactions of a,7-Glutamy! Peptides 
in Hot Water.—Solutions of 200~300 mg. samples 
of a,7-glutamy! diglutamic acid, a,7-glutamyl di- 
«,7-glutamyl 


pressure. 


glycine, a.7-glutamyl diaspartic acid, 


dileucine, 7-glutamy!l glutamic acid and a-glutamyl 


glutamic acid in 20~30ml. of distilled water were 
heated in boiling water bath. An aliquot of each 
solution was chromatozraphed using n-butyl alcohol- 
acetic acid-water (4:1:2) as a developing solvent. 


The chromatograms were then sprayed first with 
bromothymol blue in 95%, ethyl alcohol and then 
with ninhydrin in a-butyl alcohol. The original 
peptides were revealed by bromothymol blue as well 
as by ninhydrin except in the case of a,7-glutamyl 
dileucine which showed coloration only with nin- 





rin (Figs. 1—6 


In Fig. 1, the spot Id is the original peptide 
XIV. After heating the solution for one hour at 
100 C, pyrrélidone carboxylic acid (1b id glutamic 
acid (le) were formed. A spot (Ic Ss supposed 


to be pyroglutamyl glutamic acid because it was 
not colored by ninhydrin but only by bromothymol 
blue. The original peptide (1d) disappeared com- 
pletely after seven hours. An unknown spot (la) 
appeared after twenty-one hours’ heating. In another 
experiment in which the solution was heated at 
40°C, the original peptide (ld) was hardly decom- 
posed at all even after one week (Fig. 1 

Fig. 2 shows that the peptide XX (2b) was 
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— ——e- completely decomposed after eight hours, while 
| glycine (2c) and pyroglutamyl glycine (2a) were 
formed. Spot 2a was an acidic substance like spot Ic 
without a free amino group and its structure was 
le | = shown by the following experiment to be pyro- 
ara he Th aa Tae | glutamyl glycine. The peptide XX was refluxed with 
= ea 1 water for eight hours, and then Dowex 50 (H form) 
Fig. | The cleavage reaction of a,7-L- was added to the solution until a pH of 1.94 was 
glutamyl di-L-glutamic acid. reached. After filtration the filtrate was evaporated 
in vacuo to a syrup, which was shown by paper 
chromatography to be identical with 2a. This syrupy 

Tou substance was hydrolyzed by 6N hydrochloric acid 
2a at 100 -C for eight hours. A two-dimensional paper 

chromatogram of the hydrolyzate showed two nin- 
hydrin-positive spots of glutamic acid and glycine. 
Therefore, spot 2a must be due to pyroglutamyl 


lt | Ib 


| 
| 


}—+ 
t+ 
wt 





i 

{ 

y| 00511523581430 hr ; glycine. 

Fig. 3 shows the decomposition of the peptide 

Fig. 2. The cleavage reaction of a,7-L- XXIV. It was completely decomposed after twenty 
glutamyl diglycine. eight hours, while aspartic acid (3c) and pyro- 

glutamyl aspartic acid (3a) began to appear after 

—_ half an hour and three hours respectively. 

10 The cleavage of the peptide XXII is shown in 

3a Fig. 4. A spot of the original peptide (4b) dis- 

| appeared after seventeen hours, while pyroglutamyl | 

leucine (4a) and leucine (4c) appeared. 

SE OO ee arama | In Fig. 5, spots Sa, 5b and 5c correspond to 

es Lees ts 7 ee hr pyrrolidone carboxylic acid, original 7-glutamyl 

glutamic acid and glutamic acid, respectively. 

Pyrrolidone carboxylic acid (5a) appeared before 

glutamic acid (Sc). 


2 


3. The cleavage reaction of a, 
glutamyl di-L-aspartic acid. 


q 


Fig. 6 shows that in contrast to the peptides in 
| - aii eer ae "000 ) Figs. 1—-5 a-glutamyl glutamic acid (6b) could not 
be completely decomposed even after thirty-one 
hours, and that glutamic acid (6c) and pyroglutamic 
acid (6a) appeared only after weight and twenty- 

| eight hours respectively. 
0511524511172) hr. ; | Reaction between Carbobenzyloxy Glutamic 
. Acid and Dicyclohexyl Carbodiimide.—-A solution 
of 3.7g. (0.018 mol.) of dicyclohexyl carbodiimide 
in 30 ml. of tetrahydrofuran was added to a solution 
of 5.0g. (0.018 mol.) of carbobenzyloxy-L-glutamic 
acid in 30ml. of tetrahydrofuran. A precipitate of 








Fig. 4. The cleavage reaction of a,7-L- 
| 


glutamyl di-t-leucine. 











[ | ; ; LOBE dicyclohexyl urea separated out immediately. After 
| 6a stirring at room temperature (20°C) for four hours 
| 7 the dicyclohexyl urea was filtered off ; weight 3.8 g., 
& m.p. 228~229.5°C. The filtrate was evaporated 
a - Ae | to dryness in vacuo and the residue was dissolved 
ae 0051152382431 pr. | in ethyl acetate. A small amount (0.2 g.) of un- 
a dissolved dicyclohexyl urea was filtered off again. 

Fig. 5. The cleavage reaction of j;-1- The total weight of dicyclohexyl urea obtained in ! 
glutamyl-L-glutamic acid. the two crops was 4.0g. It corresponds almost to 


the theoretical amount expected from the dehydra- 
; > q ails tion reaction. The filtrate was again evaporated to 

10 a syrup which could not be crystallized. 
Synthesis of Dibenzyl Carbobenzyloxy-a, 7-L- 
5 glutamyl Diglycinate from Carbobenzyloxy-L- 
, glutamic Anhydride.--A solution of 2.6g. (0.010 
rae i tetiabicaletinni paiaicauittietbieanil mol.) of carbobenzyloxy-L-glutamic anhydride*®, 
jg COStise sew 60Chlhe, | synthesized from carbobenzyloxy-L-glutamic acid 
and acetic anhydride, in 50 ml. of tetrahydrofuran 
was prepared. Solutions of 7.8g. (0.023 mol.) of 
benzyl glycinate-p-toluenesulfonate*® and 4.3 g. 





Fig. 6. The cleavage reaction of a-L- 
glutamyl-t-glutamic acid. 


Ninhydrin coloration, : Bromo- (0.023 mol.) of tri-n-butylamine in 100 ml. of tetra- 
thymol blue coloration, PCA : Pyrrolidone hydrofuran and of 2.3 g. (0.011 mol.) of dicyclohexyl 
carboxylic acid. carbodiimide in 10 ml. of tetrahydrofuran were then 
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added at room temperature. The reaction mixture 
was stirred for six hours and the crystal of dicyclo- 
hexyl urea was filtered off; weight 1.4g. (56%,) 
m. p. 228~230°C. While the filtrate was concentrated, 
a large amount of a crystalline material separated 
out, which was collected by filtration, suspended in 
0.25N aqueous sodium carbonate, filtered and 
washed carefully with water; yield 5.3g. (9272), 
m.p. 145~149°C This crystalline material was 
suspended in S50ml. of 2N_ hydrochloric acid. 
filtered, washed with water and then recrystallized 
from ethyl alcohol to give 4.2g. of pure crystals, 
m. p. 152~154°C (sintered at 148°C). The infrared 
spectrum was identical with the one of the ester 
(XIX) prepared directly from  carbobenzyloxy 
glutamic acid 
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Found: C, 
C3,H330,N;: C, 


64.70; H, 5.84; N, 7.31. Calcd. for 
64.68; H, 5.78; H, 7.30 
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“Leaching” is a term often used in geology. 
There is little geochemical study on the leach- 
ing process of rocks. 

In many epithermal deposits such as sulfur, 
iron sulfide, opal and alunite ores, the original 
host rocks have been altered with acid leaching 
and other processes, and transformed into 
various altered zones. 

Leaching action of surface and ground waters 
takes part in weathering processes at ordinary 
temperature and pressure. 

As a result, it is important to investigate 
under natural conditions the behavior of 
chemical elements, which are abundant in the 
host rocks as constituents of rock-forming 
minerals, in order to consider the mechanism 
of weathering and the alteration of host rocks 
in the zone of oxidation. 

In the study on the behavior of chemical 
elements, the concept “mobility” has been 
introduced by many investigators. The rela- 
tive mobility of some elements in hydrothermal 
condition has been established by Bakhmutov”. 
Moreover, in weathering processes including 
leaching, migration and fixation of constituents 
of the host rocks by actions of ground and 
surface waters, their mobilities have been dis- 
cussed 


] L. A. Bakhmutov, Geokhimiya, No 


1, 83 (1958). 
2) D. H. Anderson and H. E. Hawkes, Geochim. et 
Cosmochim. Acta, 14, 204 (1958). 


A Translation of 


Mobility defined in this way is affected by 
pH and oxidation-reduction potentional of the 
environments and many other factors. 

Elements may move not only as ions, but as 
colloids or detrial fragments of original 
minerals. The movement of the elements as 
emanation, moreover, may take place, where 
volcanic gasses take part in the formation of 
altered rocks. 

The above-mentioned discussions are based 
on no theory or experiments but on field data 
and observations, as well as on the analysis 
of natural substances. 

The initial processes of both alteration and 
weathering are chemical and physical decom- 
positions of rocks. Concerning this, solubility 
of rocks and minerals in water has been 
measured 

The present experiment was carried out to 
investigate what mobility the constituents of 
rock-forming minerals have, as mainly ions in 
various acid media in the presence of a sufficient 
quantity of- air. 

It is the aim of this study to obtain quan- 
titative data on a leaching action which may 
play a serious role in weathering and altera- 
tion of rocks in the zone of oxidation. 


3) M. D. Dorfman, A Translation of Geokhimiya, No. 5, 
537 (1958) 

4) D. Carroll and H. C. Starkéy, Geochim. et Cosmochim. 
Acta, 16, 83 (1959). 

5) L. K. Yakhontova, A Translation of Geokhimiya, 
No. 1, 95 (1958) 
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Experimental 


Sample.-—Like other sulfur deposits, various kinds 
of altered rocks consisting of secondary minerals, 
such as opal, alunite and kaoline, were found around 
sulfur ore bodies of Ogushi Mine in Gumma Pre- 
fecture. 

It has been recognized there that one of the origi- 
nal host rocks thus hydrothermally altered is augite 
hypersthene-andesite. The least altered andesite 
was powdered to 150~200 meshes and used for the 
present leaching experiment. The chemical com- 
position andgmode of the andesite jare shown in 
Tables I and Il. 


TABLE I. CHEMICAL COMPOSITION OF ANDESITEI 


Constituent Content (2%) 


SiO, 55.8 

Al.O, 18.8 

FeO 4.1 

Fe.O, 3.4 

MgO 3.8 

CaO te 

Na.O 2.1 

K.O 1.0 

H,O (—) 3.0 

H:.O (+) 1.4 

Total 100.9 

TABLE If. VOLUME PERCENTAGE OF THE 
CONSTITUTENTS OF THE ANDESITI 

Plagioclase 38 
a Hypersthene 9 
Phenocryst Augite g 
Magnetite 5 
Groundmass 33 
Alteration product 7 
Total 100 


Equipment.—A polyethylene 500 ml. bottle, which 
contained 200 ml. of leaching acid or water to suspend 
the powdered sample, was placed on a water bath. 
This leaching bottle was fitted with a two-hole 
rubber stopper carrying a polyethylene tube of 5 mm. 
diameter attached to a flow-meter of air through 
a washing bottle and reached nearly to the bottom 
of the leaching bottle so that the leaching acid or 
water in it would be well stirred by the introduction 
of air, and also carrying a condenser connected to 
an aspirator. 

For all equipment polyethylene was used because 
glass could introduce silica and sodium. 

Procedure.—-The flow of air was regulated with 
the aspirator so that the air would be bubbled 
through the solution at the rate of 21. per minute. 

As its temperature was raised up to approxi- 
mately 90°C, 2g. of the powdered sample was 
suspended in it. The leaching experiments were 
carried out at 90+3°C. 

After Smin., 30min., 1, 2 and 3hr. from 
addition of the sample, the treatment was stopped 
immediately, and the leachates were centrifuged and 
analyzed. 





For ihis experiment were used 0.1, and 0.01, 
0.001 N sulfuric acids and distilled water. 

Analytical Method.—The leachates were analyzed 
for silica, aluminum, iron, calcium. magnesium, 
sodium and potassium which are abundant in the 
rock. 

1) SiO,.—Silica was determined colorimetrically 
by a molybdenum blue method which would 
determine only dissolved silica, but no colloidal 
Silica. 

2) Fe.— Colorimetric estimation of total iron 
was carried out by reduction of all the iron to 
ferrous state, using hydroxylamine, and then by 
measurement of transmittance of a red color deve- 
loped with a, a’-dipyridyl. Ferrous tron was deter- 
mined by adding a, a'-dipyridyl with no reducing 
agents, reading the transmittance and comparing 
with a calibration curve. Ferric iron was determined 
by difference from the sum of the two. 

3) Al.—Total iron and aluminum was detemined 
by back titration of a small excess of EDTA with 
a standard zinc sulfate solution using dithizone as 
an indicator after addition of sodium acetate buffer. 
Then, aluminum was determined trom the amount 
of total iron and aluminum after deducting the 
amount of iron obtained by colorimetric method. 

4) Ca and Mg.—Total calcium and magnesium 
were determined by titrating with EDTA in the 
presence of Eriochrome Black T at pH 10 after 
removal of iron and aluminum. Next calcium was 
determined by titration with EDTA using NANA* 
indicator in strong alkaline solution, and finally 
the amount of magnesium was calculated by sub- 
tracting the amount of calcium from the combined 
amount. 

5) Na and K.—Sodium and potassium were 
determined by means of flame photometry. 


Results and Discussion 


Leaching of Seven Constituents.— The amounts 
of seven constituents, $i0., Al, Fe, Ca, Mg, Na 
and K leached out of 2g. sample with sulfuric 
acid or water at Smin. 30min, 1, 2 
and 3 hr., respectively, after starting the leaching 
are arranged in Table III. They are plotted 
against time in Fig. 1. 

As change in pH of the leaching media 
might have an influence on the leaching, 
it was desirable to keep the pH of them con- 
stant and to maintain the original leaching 
conditions. However, the experiment under 
pH-constant condition was not carried out, 
because the use of buffer solutions, for 
instance, would make it difficult to detect 
small amount of constituents leached out of 
the rock and have an effect on the leaching. 
Ranges from initial to final pH of the leaching 
acid or water are given in Fig. 1. 

Among the constituents leached, only silicon 


=) 


NANA is a commercial name which has chemical 
formula of 2-hydroxy-1-(2'-hydroxy-4’-sulfo-l-naphthylazo)- 
3-naphthoic acid 


| ml TTT 
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Fig. |. Leaching-curve of seven constituents plotted against time. 
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TasBce III. 
SULFURIC ACID 
Ne e 
Time a ; K Ca 
(mg.) mg. mg.) 
5 min. 1.2 4.0 8.2 
0.1 N-H.SO, 30 min. 2.0 4.5 11.6 
(pH 1.28) l hr. 2.8 4.7 14.6 
2 hr. 3.5 5.0 18.5 
3 hr. 4.2 5.0 20.2 
5 min 0.7 i 4.9 
0.01 N-H.SO, 30 min 0.9 3.3 6.5 
(pH 2.03) I hr. Re 3.6 Lier 
2 hr. io 3.6 8.0 
3 hr. 3 3.5 8.5 
5 min. 0.35 2.0 2.0 
0.001 N-H.SO, 30min. 0.37 2.0 1.9 
(pH 2.97) lie. 0.40 ae 1.8 
2 hr. 0.43 2.0 1.8 
3 hr. 0.42 2.0 1.8 
5 min 0.21 0.75 0.3 
Distilled HO 30min. 0.24 0.87 0.2 
(pH 6.0) l hr. 0.28 0.95 0.2 
2 hr. 0.28 0.97 0.3 
3 hr. 0.34 cS 0.3 


is represented as SiO», because it would be 
leached in the form of oxide 

As shown in Fig. 1, time of leaching, 
generally, tends to increase the amount of 
constituents leached. The leaching is very 
rapid for an initial stage of the experiment, 
but becomes retarded gradually later, as the 
concentration of constituents in the leachate 
appears to approach the limit of their solubility 
in the leaching acid or water. 

The lower pH of the leaching media is, the 
larger initial leached amount and its increment 
are. At a high pH of the leaching media such 
as 0.001N sulfuric acid and distilled water, 
time of leaching hardly increases the initial 
leached amount of several constituents. 

The rock contains both ferrous and ferric 
irons. There existed more ferrous than ferric 
iron in the leachate of 0.1.N sulfuric acid, and 
in the leachate of 0.01N and 0.001 .N sulfuric 
acids and distilled water ferric iron was hardly 
detected. As the leached ferrous iron might 
be oxidized to ferric state by bubbled air, it 
should not be concluded that all the ferric iron 
in the leachate came only of one kind in the 
rock. Therefore, the leaching curve of total 
iron is drawn without a distinction between 
ferric and ferrous irons in Fig. 1. 

With 0.001N sufuric acid the leaching of 
iron proceeds during the first 30min. of the 


1 
i 
c 
i 


6) H. Mukaiyama, Min. Geol., 4, 195 (1954) 
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SEVEN CONSTITUENTS LEACHED OUT OF 2g. POWDERED SAMPLE WITH 200 ml. 


AND WATER 


Mg Fe** Fe3+ Al SiO, 

(mg.) (mg.)  (mg.)  (mg.)  (mg.) pH 
pe 4 5.6 0.7 8.5 13 1.31 
2.9 6.3 2.0 .2 20 1.33 
2.3 6.4 2.0 21.2 29 1.34 
«Wie 7.8 3.6 26.5 34 1.35 
a 8.5 +2 31.6 45 1.37 
LF ie 0.1 3.4 6.5 2.20 
Pe 4.1 0.2 4.4 9.5 2.28 
ae 5.3 0.1 3.2 1] ty 
y 5.7 0.2 6.6 13 2.42 
3.0 6.2 0.2 1s 15 2.49 
1.2 0.67 0.05 0.2 1.6 3.89 
1.0 1.1 0.1 0.2 2.6 4.33 
Liz 1.0 0.1 0.3 3.0 4.37 
ee: 1 0.05 0.2 3.9 4.42 
bz 0.9 0.1 0.3 4.0 4.45 
0.1 0.05 0.1 0.6 7.4 
0.1 0.05 0.1 1.4 Ee 
0.2 0.05 0.2 Paes 2 
0.1 0.05 0.2 2.8 8.5 
0.2 0.05 0.2 3.6 5 


experiment, but prolongation of it decreases 
its amount in the leachate. This decrease 
may be caused by reprecipitation of iron once 
leached owing to an increase of pH. 

Initial Leaching. —As already described, the 
initial leaching is very rapid. A considerable 
amount of constituents was leached out of the 
rock even during the first 5 min. of experiment. 

Each straight line, which is drawn through 
the first two points representing the leached 
amount at 5 and 30min. on the curves given 
in Fig. 1, does not pass through the origin, 
but intercepts the axis of the leached amounts. 
The value of this interception may be thought 
to correspond to the initial leached amount. 
In 0.1N sulfuric acid, for example, this amount 
of potassium reached 80 per cent of its amount 
leached up to the end of the experiment. 

The initial leaching ratio, that is, the ratio 
of the initial leached amount of each con- 
stituent, obtained in this way, to its content 
in the original rock was calculated. In Fig. 2 


these ratios are plotted against initial pH of 


the leaching acid or water used for the ex- 
periment. 

Fig. 2 shows that the initial leaching ratio 
of every constituent decreases with an increase 
of pH. The ratio of potassium is the largest 
among the constituents under the experimental 
conditions, that is, at pH range 1 to 6. On 
the contrary, that of silica is the smallest. 
The ratio of sodium belongs to a rather small 
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2 0.15 
oD 
g 

0.10 

0.05 

, =" 
2 : 5 6 
pH of leaching medium 
Fig. 2. Relation between initial leaching ratio 


and pH of leaching medium. 


group at low pH, but is large next to that of 
potassium at pH 6. 

Above pH 3 the ratios of aluminum and iron 
are much the same to that of silica. 

Increasing Rate of Leached Amount. — The 
leaching of the constituents out of the rock 
proceeds at a certain increasing rate, where- 
upon it becomes gradually retarded. 

During three hours of the leaching experi- 
ment an average increment per hour of the 
amount of each constituent excepting the initial 
leached amount was obtained from the curve 
in Fig. 1. This increasing rate an 
average slope of the curve which passes through 
the five points corresponding to the amount 
leached at each time. 

The ratio of this rate to the content of each 
constituent in the rock calculated and 
plotted against the intermediate value of initial 
and final pH of the leaching acid or water in 
Fig. 3. 

With an increase of pH, the increasing ratio 


expresses 


Wwas 


defined in this way has the same tendency 
to decrease as the initial leaching ratio has. 
However, the increasing rate of several con- 


stituents is too small to be recognized in 0.001 N 
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0.03 


Increasing ratio 
oS 
<=} 
to 


0.01 





pH of leaching medium 


between ratio and 


medium. 


Fig. 3. Relation 
pH of leaching 


increasing 


sulfuric acid and distilled water. In 


the leaching of all the constituents out of the 


general, 


rock is retarded at high pH. For this reason 
a small increasing rate need not be discussed 


in detail. 

The curves of the increasing ratio in Fig. 3 
differ somewhat from the curves of the initial 
leaching ratio in Fig. 2. 

At pH 1 calcium, aluminum and sodium refet 
to a group of large ratio, next to which are 
potassium and iron. The ratio of magnesium 
and silica are small at this pH. Raising of 
pH changes the order of the ratios at pH 1. 
At pH 2 aluminum, which has a large ratio 
at pH 1, belongs to a group of smaller ratio, 
and on the other hand potassium is the top 
of them. Magnesium has less difference of the 
ratio than other constituents at pH range | 
to 2. 

A Comparison between Initial Leaching Ratio 
and Increasing Ratio.—In Table IV are given 
the following ratios of each constituent at pH’s 
1 and 2. 


Increasing ratio (shown in Fig. 3) 
Initial leaching ratio (shown in Fig. 2) 


Table IV shows that the leaching of potassium 
is very rapid at an initial stage but becomes 
retarded soon, that is, the average slope of its 
leaching curve is steep than the other 
constituents in Fig. 1, and that on the contrary 


less 


TABLE IV. INCREASING RATIO/INITIAL LEACHING RATIO 
Na K Ca Mg Fe Al SiO, 
0.1 N-H2SO, 1.1 0.1 0.6 0.2 0.4 1.1 0.9 
0.01 N-H.SO, 0.6 0.1 0.3 0.3 0.4 0.5 0.6 
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the increasing rate of sodium, aluminum and 
silica is superior to the initial leaching. 

As a result, every constituent has a charac- 
teristic initial leaching ratio and _ increasing 
ratio which may depend on mineral composi- 
tion of the rock or other factors. 

The least mobility of silica in the present 
experiment agrees in Shimada’s conclusion that 
action of sulfuric acid could cause aluminum, 
iron etc. originally present in rocks to be re- 
moved leaving silica to form siliceous rocks”. 

Though a leaching process of rocks would be 
very complicated under natural conditions, the 


7) K. Shimada, J. Chem. Soc. Japan. Pure Chem. Sec. 
Nippon Kagaku Zasshi), 80, 263 (i959). 
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effect of pH on it is the most important one 
of many environmental factors. 


The writer wishes to express his indebtedness 
to Professor K. Noguchi for having been good 
enough to read this manuscript, to Dr. T. Sudo 
for helpful advice and encouragement and to 
Dr. J. Ossaka and Mr. M. Ichikuni for help 
and advice with regard to the analytical tech- 
niques. His acknowledgement is also due to 
the staff of the Ogushi Mine for help in the 
collection of specimens. 


Department of Chemistry 
Faculty of Science 
Tokyo Metropolitan University 
Setagaya, Tokyo 
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Chlorination of Guaiacol Relating to Bleaching 


Vechanism of Pulp 
By Koichiro SATo and Hiroshi MIkKAWA 
(Received September 6, 1960) 


To make clear the mechanism of chlorina- 
tion of lignin by an aqueous chlorine solution, 
chlorination of lignin and model compounds”? 
have been investigated since some years ago. 

In advance of the investigation of the 
behavior of complex lignin-like models against 
aqueous chlorine solution, guaiacol was investi- 
gated first. Because, it is expected that this 
simple case will show the fundamental principle 
of the chlorination reaction of the benzene 
nucleus. 

As quite recently C. Dence and K. Sarkanen”? 
have reported similar investigations, the results 
obtained in our laboratory till now are sum- 
marized and reported briefly as follows. 

A homogenous aqueous solution of guaiacol 
(128g. guaiacol in 71. of water) was treated 
7.51. of aqueous chlorine solution (molar 
ratio 1:1) for about 1/2hr. at O°C. A small 
amount of sodium sulphite solution was added 
to destroy the excess of remaining chlorine or 


1) K. Sato, K. Ebisawa and H. Mikawa, J. Chem. Soc. 
Japan, Ind. Chem. Sec (Kogyo Kagaku Zasshi), 61, 1099 (1958). 
2) C.Cence and K. Sarkanen, Tappi, 43, No. 1, 83 (1960). 


hypochlorous acid if any, and the pH of the 
solution was adjusted to nine with sodium 
hydroxide. Sodium borohydride was added in 
order to reduce the quinoidal structure to 
pyrocatechol structure to prevent the poly- 
merization of quinoidal structure if any. Then, 
the solution was acidified, resinous products 
separated (1), and the whole was extracted 
continuously with chloroform (II) followed, by 
ether (III). 

I and II were distilled in vacuo into four 
fractions respectively, each fraction was exa- 
mined gas chromatographically, and the frac- 
tions containing similar components’ were 
combined. 

From the five fractions thus obtained the 
following compounds were separated and 
identified. 

1) Guaiacol: The compound was separated 
as 3, 5-dinitrobenzoate, m. p. 137~139°C, which 
was not depressed on admixture with the 
authentic sample. (Found: OCHs, 10.25. Caled. 
for C,;H:,O-N2: OCH:, 9.75%.) 

2) 5-Chloroguaiacol*: The compound was 
separated as 3,5-dinitrobenzoate, m.p. 170~ 
171.5-C, which was not depressed on admixture 
with the authentic sample. (Found: C, 47.71; 
H, 3.20; Cl, 10.08; OCH, 8.77. Caled. for 
CyuHsO;N:Cl: C, 47.68; H, 2.55; Cl, 10.07; 
OCH:, 8.79%.) 

3) 4,5-Dichloroguaiacol: White needles, 
m. p. 71~73°C, which was not depressed on 


Named according to Beilstein’s Handbook. 
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admixture with the authentic sample. (Found: 
C, 43.68; H, 3.29; Cl, 36.65. Calcd. for C;He- 
Oi: ©, 43.55; H, 3.133; Cl, 36.79%.) 

4) Trichloroguaiacol: Pale yellow needles, 
melting at 103~106°C. (Found: C, 37.58; 
H, 2.41; OCH:, 13.91. Calcd. for C-:H;O.Cl 
C, 36.94; H, 2.21; OCH:, 13.62%.) The posi- 
tions of chlorine atoms are not settled as 
yet. 

5) 3,3'-Dimethoxy-4,4'-dihydroxydipheny] : 
White prisms, melting at 166~167°C. (Found: 
c,. 67.71; HH, 3.73; GOs, 25.75; Ci, O80. 
Caled. for C:»H:02(OCH3).2: C, 68.28 ; H, 5.73; 
OCH:, 25.21%2). Diacetyl derivative, melting 
at 200.5~202°C. (Found: C, 65.35; H, 5.95; 
mol. wt. (Rast), 336. Caled. for C;sH:sO;: C, 
65.44; H, 5.49°,; mol. wt., 330.32). Dimethyl 
derivative (biveratrol), melting at 132~133°C. 
(Found: C, 69.85; H, 6.72; mol. wt. (Rast), 
273. Calcd. for C,¢-H::sO,: C, 70.05; H, 6.61%; 
mol. wt., 274.30). 

Melting points of the diphenyl and its two 
derivatives agree well with the values reported 
in literatures’. The diphenyl has_ one 
phenolic hydroxyl group per methoxyl group, 
according to the so-called Je-method of Aulin- 
Erdtman 

From the fraction III the following com- 
pounds were separated and identified. 

1) Pyrocatechol: White prisms, melting at 
103.5~104.5°C, undepressed on admixture with 
the authentic sample. (Found: C, 65.33; H, 
5.54. Calcd. for C:-H;O C, 65.44; H, 5.49%.) 

2) 3-Chloropyrocatechol: The compound 
was isolated as mono carboxymethyl ether, 
melting at 122~123.5°C, undepressed on ad- 
mixture with the authentic sample of 3-chloro- 
catechol. monocarboxymethyl ether. (Found: 
C, @m; H.. 3.71; Cl, 771. Caled. for 
CsH;O.,Cl: C, 47.43; H, 3.46; Cl, 17.52%). 
The position of the carboxymethyl group of 
the mono-ether is not determined. Diether 
was not prepared, as it was found to be dif- 
ficult to etherify both hydroxyl groups of 3- 
chloropyrocatechol by an usual method. 

Results so far obtained on the effects of 
aqueous chlorine water on the guaiacol nucleus 
are summarized as follows: 

1) Methoxyl group is demethylated to give 
methanol in high yield”. 

2) Isolation of pyrocatechol suggests that 
demethylation can occur without introduction 
of any chlorine atoms into the nucleus. 

3) One to three chlorine atoms are intro- 
duced without cleavage of methoxyl groups. 


3) F. Fichter and W. Dietrich, Helv. Chim. Acta, 1, 
131 (1924). 

4) S. Tamura, K. Okuma, Y. Miyao and N. Haramaki, 
J. Agr. Chem. Soc. Japan (Nippon Nogei-Kagaku Kaishi), 27, 
877 (1953). 

5) Aulin-Erdtman, Svensk Papperstidn, 55, 745 (1952). 
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4) It seems therefore to be probable that 
chlorination of the nucleus and the demethyla- 
tion of methoxyl group are independent 
reactions. 

5) Guaiacol dimerizes by dehydrogenation. 

Details of this work will be published later. 


Research Laborator) 
of the Kokusaku Pulp Ind. Co. Ltd 
Kamiochiai, Shinjuku, Tokvo 





The Synthesis of dl-Nepetalactone 


By Takeo SAKAN, Akira FuJINo, 
Fujio Murat, Akio Suzui 


and Yasuo BUTSUGAN 
(Received Sepiember 10, 1960) 


The authors wish to report the synthesis of 
dl-nepetalactone, the levorotatory form of 
which was. first isolated in 1941 from the oil 
of catnip plani, Nepeta cataria L., by S. M. 
McElvain et al.'’, and was later shown clearly 
to be I 


”o 
~~ 

CH3 

Ethyl 3-methyl-2-oxocyclopentanecarboxyl- 
ate? (II) was condensed with 3-bromobutyne” 
to give III, b.p. 99°C/I mmHg (xcec 4.72 #, 
vc-o 5.72 #, 5.86 #4), which was, after hydration, 
hydrolyzed to diketone IV, b. p. 86°C/1 mmHg 
(Found: C, 70.97 ; H, 9.44. Caled. for C:oH:cO 
C, 71.39; H, 9.59%) (vc-o 5.78 #, 5.864). IV 
was converted through intramolecular conden- 
sation into bicyclic a, S-unsaturated ketone V, 
b. p. 66~70°C/1 mmHg (48° 240 my, ¢ =21,000; 
vo-0 5.88, vcaec 6.01 #). Semicarbazone : 
m. p. 188~189°C ; 2, 4-dinitrophenylhydrazone : 
m.p. 213°C. Catalytic hydrogenation of V 
afforded -saturated ketone VI, b.p. 72~75 
2mmHg (Found: C, 78.57; H, 10.57. Calcd. 
for C:HisO: C, 78.89; H, 10.59%) (rc-0 


l S. M. McElvain, R. D. Bright and P. R. Johnson, 
J. Am. Chem. Soc., 63, 1558 (1950) 

2) J. Meinwald, ibid., 76, 4571 (1954) 

3) R. B. Bates, E. J. Eisenbraun and S. M. McElvain, 
ibid., 80, 3420 (1958 

4) W. Dieckmann, Ann., 317, 37 (1903 

5) M. T. Rogers and M. B. Panish, J. Am. Chem. Sox 
77, 3684 (1955) 
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5.78: 4), likely fulfilling the stereochemical 
requirements (Hec-1)— Hece-s) —Hee-6): ~~ ciS- 
trans). 2,4-Dinitrophenylhydrazone of VI: 
m. p. 87~88°C. 


3 Mz mz 
'@) Di Ris 9 H3 
> a > r 
J 
COz 25 CoH-0-6 
2°52 L H- 
y LH3 
I] HW 1\V 
UH CHa 
3 
> 
> 
) 0 
2 CH2 
V VI 


To make sure the above stereospecificity, 
the benzylidene derivative (VII), b.p. 110~ 
120°C 0.005 mmHg)  (24"'°") 303 mv, ¢=13,000; 
ve-0 5.86, vce-c 6.18 4) (2, 4-dinitrophenyl- 
hydrazone: m.p. 181~182°C), of VI was ozo- 
nolyzed. A dicarboxylic acid, C;,H;;O, (Found : 
C, 60.29; H, 8.29. Calcd.: C, 59.98; H, 8.05%), 
m.p. 124.5~126°C, was obtained as an oxida- 
tion product. As the IR spectrum of this 
compound in carbon disulfide was in good 


accord with that of one (m.p. 85°C) of 


nepetalinic acids, the acid in hand was dis- 
tinctly racemic cis-trans-nepetalinic acid (m. p. 
in lit.2: 127°C). 

Then VII was reduced with sodium _ boro- 
hydride to unsaturated alcohol VIIla, b. p. 110 
~128°C/0.015 mmHg (vox 2.98 #4). Acetylation 
of Villa yielded a crystalline acetate (VIIIb), 
m.p. 120~121°C (Found: C, 79.90; H, 8.55. 
Calcd. for C:9,H2,;0O.: C, 80.24; H, 8.51%) and 
an oily one (VIIIb’), b.p. 105~108°C/0.025 
mmHg (Found: C, 80.09; H, 9.00%) (xvc-0 
5.77 #), the latter predominating much over 
the former. 


rz mn CH CgHe CHa 
<CLH CH O 
r C OR OR 
Ch 43 CH3 
Vil Vill IX 
a: R=H, b, b': R=COCH; 


Xa Xp 
When VIIIb was, after ozonolysis and hydro- 


lysis, oxidized with permanganate, a _ dicar- 


6) K. J. Clark, G.I. Fray, R. H. Jaeger and Sir R. 
Robinson, Tetrahedron, 6, 217 (1959). 
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boxylic acid, C;,H;,O; (Found: C, 60.11; H, 
8.26%), m. p. 1S8~159°C, was the only product, 
which showed an IR absorption undoubtedly 
different from that given by either of the 
nepetalinic acids (m.p. 85°C and m.p. 117~ 
118°C). Therefore, the crystalline acetate 
might result from the ketone of cis-cis-series 
corresponding to VI, formed in a small quan- 
tity in the process IV — V -> VI. 

VIIIb’ was ozonolyzed to a-acetoxyketone 
IXb, b.p. 70~73°C/0.05 mmHg (Found: C, 
68.17; H, 8.84. Calcd. for C;.H;,<O2;: C, 68.54; 
H, 8.63%). On treatment with diluted alkali, 
IXb afforded a-ketol IXa (voy 2.89 4, vce-o 
5.80 4), which was too unstable to be dis- 
tilled, and was immediately oxidized with 
periodate to aldehyde carboxylic acid X,. The 
product, with some charactor of lactol Xz, 
was dehydrated to d/-nepetalactone (dl/-I), b. p. 
135°C (bath temp.) /7 mmHg (vc-o 5.68 #4, ve-¢ 
5.93 #) by heating at about 200°C. The 
synthesized lactone accorded in all respects 
with the natural lactone in their IR charts 
except only a slight difference of the absorp- 
tion intensities near 11.4 and 12.2 4. 


The authors are grateful to Professor S. M. 
McElvain for his kind offer of the spectrum 
chart of nepetalactone for the identification. 


Institute of Polytechnics 
Osaka City University 
Kita-ku, Osaka 





Retention of Mn-56 in Neutron-irradiated 


Potassium Permanganate 
By Hirotoshi SANO 
(Received October 27, 1960) 


Although the behavior of radioactive manga- 
nese atoms produced by (n, 7) reaction on 
permanganate has been studied by several in- 
vestigators'***, no information is available on 
the effect of irradiation temperature on the 
retention of radio manganese as permanganate. 
It has been reported that the retention tends 
to decrease as the irradiation temperature 
lowers down to dry-ice or liquid-nitrogen tem- 
perature in various inorganic salts such as 


1) W. F. Libby, J. Am. Chem. Soc., 61, 1930 (1940); W. 
Rieder, E. Broda and J. Erber, Monatsh., 81, 657 (1950); K. 
J. McCallum and A. G. Maddock, Trans. Faraday Soc., 4, 
1150 (1953). 


te 


December, 1960] 
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TABLE I. Effect OF TEMPERATURE AT BOMBARDMENT SITE 
Length of Storage Retention, 
Sample irradiation, time, (Irradiation temperature) 
min. min. 196 °C 72°C Po ae 90~ 190°C 
Crude KMnO, 150 30 16.7+0.6 15.2+0.4 
Recrystallized 140 4 23.8--0.6 23.1+40.4 21.2+0.3 
K MnO, (21.6+0.2) 
G 150 23.3+0.5 21.8+0.3 38.8+0.4 
4 4 4 23.0+0.5 21.0+0.4 20.0+—0.3 
4 Y G 23.5+0.5 23.3+0.4 20.8+0.3 
(21.6+0.2)8 
a) Sample was irradiated in a paraffin block (Scm. thickness). It has been known that the 
neutron energy has no effect on the retention as KMnO, 
TABLE II. ErrectT OF STORAGE TEMPERATURE AFTER BOMBARDMENT 
Length of Storage Retention, 
Sample irradiation, time, (Storage temperature) ; 
min. min. 196 C pte yo 85~180 C 
Recrystallized 60 100 19.3 --0.3 20.5+0.3 
K MnO, 
G 90 y 19.2+0.3 19.0-0.3 
From Aten’s 120 21~26 35~74 
data® 
K;Co(CN)>”, K2ReCl;?, KIO;, K;AsO, curve was determined. In another series of 


K.CrO,” and [Co(NH:;);Br] (NO;) 

A seriess of experiments have been carried 
out by the present author to study the effect 
of temperature on retention of recoil radio 
manganese as permanganate. About one-half 
gram of potassium permanganate in small crys- 
tals was placed in separate glass tubes. For 
low temperature bombardments, the glass tubes 
were dipped in either liquid nitrogen or dry- 
ice-etheanol, while they were warmed by 
preheated oil for high-temperature bombard- 
ments. The samples were exposed for two to 
three hours to neutrons at a flux of ca. 10'n 
cm’sec. The maximum energy of neutrons 
produced by Be-D reaction was ca. 7 MeV. 
All bombardments were made in the presence 
of air. Following the bombardments, the 
samples were dissolved in distilled water and 
mixed with a small amount of manganese 
sulfate solution. The resulting manganese 
dioxide was filtered through a paper filter 
without suction. Both the precipitate and the 
filtrate were reduced with sodium sulfite. The 
activity of the resulting solution was measured 
with a dipping type G-M counter, and decay 


2) H. Rauscher and G. Harbottle, J. Inorg. Nucl. Chem., 
4, 155 (1957) 

3) W. Herr, Z. Elektrochem., S%6, 911 (1952) 

4) N. Saito, H. Sano and R. Shiomi, Presented at the 
Symposium on Radiochemistry, Kyoto, 1958 

5) N. Saito and I. Tomita, ibid. 

6) G. Harbottle, J. Chem. Phys., 22, 1083 (1954) 

7) N. Saito, H. Sano and T. Tominaga, This Bulletin, 
33, 20 (1959) 

8) E. Broda and W. Rieder, J. Chem. Soc., 1949, (s) 356 
W. Rieder, Acta Phys. Austriaca, 4, 290 (1950). 

9) A.H. W. Aten, Jr. and J. B. M. van Berkum, J. Am 
Chem. Soc., 72, 3273 (1952) 


experiments, the samples were bombarded for 
1 to 1.5 hr. at room temperature and then stored 
for nearly two hours at various temperatures. 
They were treated in the same way as described 
above. The results are summarized in Tables 
I and II. 

It is worth mentioning that the bombard- 
ment at dry-ice-ethanol or liquid-nitrogen 
temperature always resulted in slightly higher 
retentions than the room temperature bombard- 
ment did. The results seem to be peculiar as 
compared with these obtained for other inorganic 
salts , In which the retension tends to de- 
crease as the temperature lowers. The bom- 
bardment at 90~190°C resulted in highest 
retentions. This is probably due to an effect 
similar to thermal annealing. It is seen from 
Table II that the storage at dry-ice-ethanol or 
liquid-nitrogen temperature has little effect on 
the retention. 


The author acknowledges the helpful advice 
given by Professor Nobufusa Saito, and the 
Institute of Physical and Chemical Research 
for irradiating samples. 


Department of Chemistry 
Faculty of Science 
The University of Tokyo 
Hongo, Tokyo 
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Transport Behavior of Some Inorganic Cations 


across lon-exchange Membranes. Preferential 
Impermeability of Barium Ions across 


Sulfonic Acid Membrane 


By Takeo YAMABE, Manabu SENO, 


Tatuo TANAKA and Ichiro KAmMII 
(Received September 20, 1960) 


accepted that the 
across ion- 


It appears to be generally 
permselectivity of a given ion 
exchange membranes is closely related to the 
selectivity of the ton in the ion-exchange equi- 
libria, while the mobilities of ions in solution 
and membranes are one of the most important 
factors that have effects on the permeability. 
In fact, as shown already by one of the 
authors, the order of the permselectivity of 
cations across a_ heterogeneous sulfonated 
styrene cation-exchange membrane” is as fol- 


lows: H* > Kh” > Ne,* > Ca >Mg**>Nat, 
and it was recognized that the ion with the 
larger mobility and the larger selectivity in 


the ion-exchange reaction possesses the larger 
permselectivity. In the present communication, 
it is reported that barium ions show a peculiar 
transport behavior in the electrodialyses using 
ion-exchange membranes. As shown in Table 
I, barium ions show an extraordinarily small 
permeability, in spite of their very large selec- 
tivity in the ion-exchange equilibria. 


TABLE I. PERMSELECTIVITIES OF ALKALI-EARTH 
METAL IONS 

Se >CTIVILS 
I Permselec- Selecti ty Mobility in 
ons ae of 1on- . 

tivity , ‘oa inf. dil. soln. 

exchange 
M rs k= cm2/V. sec. 
Ca** 1.24 2.60 5.29 «10-4 
Mg- 1.13! 1.66 4.66 7 
Ba 0.70 5.81 5.70 7 


* Experimental conditions used: Current den- 
sity 0.02amp./cm*, concentration of stock 
solution (2-component, ratio 1: 1) 0.1 N, time 
2~4hr. 

** Data of O. D. 
50 X8° 


Bonner et al. on Dowex 


This result may be interpreted as follows: 


The large selectivity of barium ions is owing 


1) Tf. Yamabe and Y. Tanaka, J. Ciiem. Soc. Japan, Ind. 
Chem. Sec. (Kogvo Kagaku Zasshi), 63, 1342 (1960) 

2 This membrane was prepared with pulverized Amber- 
ite IR-120 and the other membranes used in the present 
experiments were prepared with Amberlite ion-exchange 
resin powder. 
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to the formation of a complex salt with the 
sulfonated group which dissociates scarecely, 
resulting in the relatively small concentration 
of barium ions in unrestricted state». The 
small concentration of free ions in membranes 
leads to their small permselectivity. In general, 
the most predominant factors in determining 
the permeability of ions across membranes are 
the mobility and the concentration of unbound 
ions in membranes, but not the selectivity in 
the ion-exchange equilibria. The transport 
behavior of barium ions is one of the con- 
firmative evidences for the deduction and it 
is also supported by the permeability of some 
heavy metal ions 


The experimental procedure was the same as those 
given in the preceding papers!” i.e., from the 
electrodialysis data using a multi-compartment cell 
with cation- and anion-exchange membranes alter- 
natively, the permselectivity coefficients were calcu- 
lated according to the equation 


TB ( hy ty ) ( co.) te-3 
A 
ttt i\ ta ) ra—1 


\ 


where f¢, and f; are the transport numbers of ion 
A and B across a cation-exchange membrane, [\ 


and ¢,; are those across an anion-exchange mem- 
B + 


brane, ca and cg are concentrations of ion A and 
B in the stock solution and ra and rg are concentra- 
tion ratios of ion A and B obtained directly from 
experimental data. If transport numbers of cations 
across an anion-exchange membrane are small and 
remain nearly constant, independently of the kind 
of cations, this coefficient should be a mesure of 
the permselectivity of given cations across a cation- 
exchange membrane. It will be permissible to think 
that this conditions is fulfilled in this experiment. 


The Institute of Industrial Science 
The University of Tokyo 
Yayoi-cho, Chiba (T. Y. & M. S.) 


Showa College of Pharmac) 
Tsurumaki-cho, Setagaya 


Tokyo (T. T. & I. K.) 


3) It is suggested by the formation of a water-insoluble 
barium salt with toluenesulfonic acid and is also supported 
by the swelling behavior’ and the electric conductivity 
data®’ of barium-form resin. 

4) M. Send and T. Yamabe, presented at the 9th 
Annual Meeting of the Society of Polymer Science, Osaka, 
May 29, 1960. 

5) E. Heymann and I. J. O'Donnell, J. Colloid Sci., 4 
405 (1949); A. O. Jakubovic, G. J. Hills and J. A. Kitchener, 
Trans. Faraday Soc., 55, 1570 (1959). 

6) M.Sen6, T. Saito and T. Yamabe, This Bulletin, 33 
563 (1960). 

7) T. Yamabe, M. Seno and T. Tanaka, Bull. of Sox 
of Salt Sci. Japan (Nihon Shio Gakkai-shi), to be published. 

8) It is structurally identical with Amberlite IR-120 
Moreover, it was revealed that nearly the same ion- 
exchange reactions take place for both the heterogeneous 
ion-exchange membrane and the ion-exchange resin, from 
which the membrane is prepared. 

T. Yamabe and T. Saito, J. Chem. Soc. Japan, Ind. Chem 
Sec. (Kogyo Kagaku Zasshi), 63, 1848 (1960). 
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Dyeing of Polyvinyl-n-butylboronate with 
Congo Red 


By Seiji KATo and Yojiro TsuzuKI 
(Received October 11, 1960) 


In the course of studies on organoboron 
compounds, a number of  polyvinyl-n-butyl- 
boronates having various esterification grades 
were Obtained. These products could be made 
into films from solutions in some _ organic 
solvents. The films of the boronates were 
dyed with congo red unexpectedly deeper than 
those of polyvinylalcohol itself!? inspite of the 
less hydrophilic property. 

The samples used for dyeing experiments 
were prepared as follows: boronate films were 
made from carbon tetrachloride solutions on 
a mercury dish and dried in the air at room 
temperature. The films Of PVA were made 
from aqueous solutions in the same way, and 
thermally treated at 180°C for ten minutes in 
order to make them insoluble in water. For 
comparison a part of the boronate films was 
thermally treated in the same way. The other 
part remained untreated. The films were 
nearly 0.1 mm. thick and were cut in pieces 
with the size of 1cm.x2cm. For dyeing pur- 
pose all films were immersed into a 0. 
solution of congo red at 25°C. The equili 
brium of sorption was reached in most cases 
within two or three days, and from the curve 
of the sorption rate the quantity of the dye 
sorbed in equilibrium can be estimated. 

The results are shown in Table I in which 
D represents the apparent diffusion coefficient 
and E, the esterification grade which can be 
estimated by the following equation from the 
boron content (B) of the boronates, E,= 133.74 
x B %)/(16.41—B %) 


nn 


Z] 


TABLE I. SORPTION OF CONGO RED BY BORONATES 
E, Dx10-? Dye sorbed /B-/8- ony 
Yo @s°*C) I II* 

B-1 75.4 pe 4 10.386 10.294 

B-2 80.6 2.83 13.860 11.709 

B-3 85.6 4.03 19.809 16.364 

PVA 0 - 4.90 4.70 


*I1—films heat-treated. 


The results show that the quantity of the 
dye sorbed on the films increases with the 
increasing E,, and the relation between the 
thermal treatment and non-treatment is not 


1) K. Fujino and F. Fujimoto, J. So Textile and 


Cellulose Ind. (in Japanese), 15, 138 (1959 
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remarkable. It is also noteworthy that the 
apparent diffusion coefficient grows with E,. 
These results suggest that because of esteri- 
fication of PVA with boronic acid, that is, due 
to the introduction of the boron atom into 
PVA, the dyeing occurred through co-ordination 
between the boron and the nitrogen atom”? which 
is contained in the molecule of congo red, but 
not through hydrogen bond, and that the intro- 
duction of boron made the dense crystalline 
structure of PVA to a loose one, and the 
amorphous part was increased, as seen in the 
case of polyvinylborate studied by Sakurada. 


Tokvo College of Science 
Kagurazaka, Shinjuku-ku 


Tokvo 
2) The IR spectra of dyed films have shown absorption 
bands at 1550 and 3200cm~', v ch can be assigned res- 
pectively to the azo and the amino group of congo red, but 
the former is shifted slightly to a higher frequency and 


the latter to a definitely lower one. Hence the authors 
think the co-ordination 
boron atom and the amino group of congo red. 


3 I. Sakurada et al., Kobunshikagaku, 15, 491 (1958 


possibly takes place between the 





Molecular Rotations of Polyhydroxy- 


cyclohexanes in Relation to their Structures 
By Shukichi YAMANA 
(Received November 5, 1960) 


Availability of PM-method~? for the case of 
[M]5(W)® of polyhydroxycyclohexanes of Cl 
conformation was tested here. Names of several 
substances under discussion, together with the 
orientation of the unit groups, (OH), in their 
molecules and their [M](W) are shown in 
Table I. At first, by using the theoretical 


1) Presented the Symposium on the Structural 


Chemistry of the Chemical Society of Japan, Sapporo, 


August 5, 1960 
2) S. Yamana, This Bulletin, 31, 558 (1958) 


3) VM W) is a notation which represents the optical 
D F 





molecular rotation of the plane polarized light of wave- 
length of D-line at 20°C by an aqueous solution of an 


optically active substance “lp means a correspond- 
ing partial molecular rotation which is caused by the 
dynamical coupling effect between any two members of 
unit groups in the molecule 

PF 7 + of oe ( 

[M p(W Dlrlp Dw ode le lp 

ixk 

(Ref. Eq. 3 in the previous paper . Here, [#] pealed 


is the calculated value by using Kirkwood’s theoretical 


formulae and ¢; and ¢,% are adjustable parameters. 
4) The central group, cyclohexane-ring, does not appear 
in the calculation 








1742 SHORT COMMUNICATIONS [Vol. 33, No. 12: 











TABLE I 
Caled. 
Name Orientation of unit group, (OH) ' shentian : 

Cyclohexane pi Sie ipovs! Whiffen’ 

1/2 diol (15), (2a)] 48 .2' 42 .7(— 42.7) > 

(+) 3/1,2 triol [(la), (2a), (33)] 92.0’ 92 .2(96.3) 90 

1,2,3/4 tetrol [(13), (23), (38), (4a@)] 49.2? 49.5(— 53.6) 45 
( 3/1,.2,4 tetrol (la), (2a), (35), (4a)] 53.9° 49.5(53.6) 45 
1.3/2.4 tetrol [(13), (2a), (33), (4a)] 42.77 42.7(—42.7) 45 
3,5/1,2.4 pentitol [(la), (2a), (38), (4a), (55)] 86.2 85.4(85.4) 90 
( 1,3,4/2.5 pentitol [(13), (2a), (38), (43), (Sa)] 42° 49.5(53.6 45 
3,5.6/1,2.4 hexitol (la), (2a), (38), (4a), (55), (6;)1 1179 128.1(128.1) 135 
TABLE II. [ftlpeatea {3/(n?+2)} AND [ft] pons®?, CAUSED BY THE DYNAMICAI 
COUPLING EFFECT BETWEEN ANY TWO MEMBERS OF UNIT GROUPS IN 
POLYHYDROXYCYCLOHEXANE OF Cl CONFORMATION 
63 6a 53 Sa 45 4a 33 3a 26 2a 
la 0 A B 0 0 0 B 0 0 A 
15 4 4 0 B 0 0 0 B 4 4 
2a B 0 0 0 B 0 A 4 | 
25 0 B 0 0 0 B A 0 
3a 0 0 B 0 0 4 
33 0 0 0 B A 1 
4a B 0 A A 
45 0 B 4 0 
Sa 0 1 
5S 1 1 | 
Note 
[I peatea {3/(n?+2)} [tI pobs. 
A 11.73 (6.50)! 42.7 (42.7) 
B 1.88 (1.66) 6.8 (10.9) 
formulae of Kirkwood", all [/4] Beatea{3/(n? + 2)}’s x (38) (2a) X (4a) + (38) X (4a) } { (n? + 
possible in the molecule were calculated’ and = 2)/3} S’on(—11.73 + 0+ 0+ 11.73 +-0— 11.73) 
given in Table Il. Next, by using these values ‘C26 = 3.6402{3/(n? + 2) } 
Of [/) Bearcat3/(r’ > 2)! and an adjustable para- 
meter, fo, the following equation was obtained. °F 

[M|;(W) of (—)1,3/2,4  tetrol, 42.7 Con = 1.9079{3/(n? + 2) }} 
=>) [#)8.n. Of (—)1, 3/2, 4 tetrol = (18) A (2a) ; ; , : 

(18) & (38) (13) & (4a) (2a) A (38) 4 The values of A and B for [#4] Dor in Note 
(2a) K (4a) + (38) & (4a)'®={ (n? + 2)/3} Con of table II, can be obtained by multiplying 
((1B) x (2a) + (18) x (38) + (18) x a) + (2a) those for [fT Deareat 3/(m* + 2)} by Sot (ni + 2)/3}. 

By using the values of [f]$..; in Table II, 

5) From the standpoint that 4{M]p(W)/aT is small, Sl4lons of all polyhydroxycyclohexanes were 
rome values were presumed from iMin(W) which had calculated and given in the fourth column of 
exactly at 20°C. P Table I. Referring to Table I, it becomes ap- 

6) Th. Posternak D Reymond and H. Friedli, Helv. parent that PM-method is more suitable one 
“> th Posternat yon D. Reymond, ibid., 38, 195 (1955). to estimate [M]j(W) of polyhydroxycyclo- 

8) Th. Posternak, ibid., 33, 343 (1950). hexanes than Whiffen’s method”, especially 

2 BH wien: Chemis aed tnd 86 8 when_the optical center is located at the 

44). The molecular model of a cycichexane derivative center of mass of a bond. 
and optical data of (OH) are assumed as follows The 
length of C-C bond is 1.54A, and that of C-O bond is ‘ : 

142A. The valency angle of C atom is 109° 28’. Mean The author wishes to express his sincere 
polarizability, a, of (OH) is 1.40 10°**(cc.). Anisotropy thanks to Professor T. Yamamoto, Kyoto Uni- 


ratio, 6 of (OH) is 0.35 

12) The values, calculated by supposing that the optical 
center of (OH) is located at its O atom, are given in 
parentheses. Department of Chemistry 
13) S. Yamana, This Bulletin, 30, 916 (1957). > . ; _ 
14) Ref. Eq. 32 in the foot-note 32 of the previous Kyoto Gakugei University 
paper Fushimi-ku, Kyoto 


versity, for his advice and encouragement. 
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Reaction of Enamines. I. The Preparation 


of Thiocarbonyl Compounds 
By Yujiro Nomura and Yoshito TAKEUCHI 


(Received November 9, 1960) 


The reactions of enamines have been well 
investigated‘~"». We have paid attention to 
the reactivities of enamines and found that 
thiocarbonyl compounds were obtained by the 
reaction between enamines and hydrogen sul- 
fide. Thiocarbonyl compounds are usually 
prepared by the treatment of an acid solution 
of the corresponding carbonyl compounds with 
hydrogen sulfide. This method is, however, 
often likely to lead to the 
trimers, but our new method is successful in 
preparing monomeric compounds in good yield. 

Twenty grams of _— 1-morpholino-1-cyclo- 
hexene’? was dissolved in 90cc. of dimethyl- 
formamide and hydrogen sulfide was introduced 
for six hours with ice cooling. The exothermic 
reaction occurred and the reaction mixture 
became faint yellow. Yellow oil separated at 
once when 100cc. of 6N hydrochloric acid was 
added with stimring and ice cooling. 

After adding 100cc. of water, the oil was 
extracted with petroleum ether, washed several 
times with water, dried and distilled in vacuo 
under nitrogen. The pink liquid, b. p.* 77~ 
78°C/15 mmHg, with disagreeable odour was 
obtained, whose color was gradually faded 
away on standing”. 

Yield 10.0 g. (73% theoretical). 

The product gave 2, 4-dinitrophenylhydra- 
zone, m. p. 159~160°C, which showed no m. p. 
depression on admixture with cyclohexanone 
2, 4-dinitrophenylhydrazone. 


1) C. Mannich and H. Davidsen, Ber., 69, 2106 (1936) 

2) F. W. Heyl and M. E. Herr, J. Am. Chem. Soc., 75, 
1918 (1953). 

3) G. Opitz, H. Hellmann and H. W. Schubert, Ann., 
623, 112 (1959). 

4) P. L. deBenneville and J. H. Macartney, J. Am 
Chem. Soc., 72, 3073 (1950 

5) G. Stork, R. Terrell and J. Szmuszkovicz, ibid., 76, 
2029 (1954) 

6) R. F. Parcell, ibid., 81, 2596 (1959 

7) S. Hiinig, E. Benzing and E. Liicke. Chem. Ber., 90, 
2833 (1957 

8) D.C. Sen, J. Indian Chem. Soc., 
Chem. Abstr. 3), 6342* (1936). 


13, 268 (1935 Cf 


formation § of 


SHORT COMMUNICATIONS 1743 


IR spectrum of the product in carbon tetra- 
chloride solution indicated the existence of 
C-S bond (medium intensity band at 1130cm~') 
and the lack of C=O bond of cyclohexanone 
(strong intensity band at 1705cm~'). 

All these facts lead us to identify this 
product as cyclohexanethione. 

By practically the same method, cyclo- 
pentanethione was prepared in considerably 
From 47.4g. of 1-morpholino-1- 
in 200 cc. of dimethylformamide 
23.22. (68% theoretical) of 
cyclopentanethione, b. p.** 63~65°C/8 mmHg. 
2, 4-dinitrophenylhydrazone, m. p. 
which was found, by means of 


good y ield. 
cyclopentene 
was obtained 


This gave 
145~146°C, 
the mixed melting point test, to be identical 
with cyclopentanone 2, 4-dinitrophenylhydra- 
zone. 

IR spectrum had no absorption at 1740 cm 
(vc-o Of cyclopentanone). 

Enamines have two mesomeric forms, enamine- 
form I and iminoform II. 


1 


The reaction of enamines proceeds in most 
cases through the attack of electrophilic reagent 
at 5-carbon atom of imino-form II, but 
nucleophilic attack at a-carbon atom has also 
been reported”. 

It is postulated that the reaction of enamines 
and hydrogen sulfide occurs by the nucleophilic 
attack of HS~ ion on the protonated enamine 
intermediate (III) as follows. 


We continue to explore the full scope of 
the reaction of enamines with hydrogen sulfide. 
The results of the further investigation will be 
reported in more detail later. 


Department of Chemistry 
College of General Education 
The University of Tokyo 
Veguro-ku. Tokyo 


») S. Hiinig and W. Lendle, Crem. Ber., 93, 909 (1960). 
The reported b.p 76°C /iSmmHg. 
The reported b.p 86~ 88°C /10mmHg 
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Additions and Corrections 
Volume 32, 1959 


A. Kawasaki, S. Shiotani, J. Furukawa and T. Tsuruta: Infrared Spectra of Polyvinyl Chloride. 
Page 1149. In Fig. 1, ordinate, add ‘* «0.235 after ‘‘ Ratio of optical densities ” 
S. Tobisawa: Magnetochemical Investigation on Thermal Decomposition of Silver Oxide. 
Page 1175. In col. 1, lines 10 and 11, delete —0.58 «10~°, substitute —5.8x 10~%. 
H. Suzuki: Relations between Electronic Absorption Spectra and Spatial Configurations of Con- 
jugated Systems. I. 
Page 1343. In col. 2, line 4, for ‘‘ A,”*’ read ‘‘ B,’’, line 8, for ‘‘ B.’’ read ‘* B;°’, and for ‘** A,” 
read ‘* B,”’. 
Page 1347. In footnote 44), line 3, for ** Cl” read ** CI’ 
Page 1348. In col. 1, line 1, for **‘ B.”’ read **B 
Page 1349. In footnote, for ** 43)" read ** 48)": In col 
H. Suzuki: Relations between Electronic Absorption Spectra and Spatial Configurations of Conjugated 


Systems. II. 


2, line 9, for ‘*‘ ea ”’ read ‘‘ va 


1. In Table I, line 5 from the bottom, for *‘ 0,0'-Di-tirt-butyl-”’ read ** 0, 0'-Di-tert-butyl-”” 
Page 1352. In footnote 13), the lowest line, for ** wer’? read ‘* were ”’ 
K. Mitani and Y. Haran6é: Detection of Atomic Oxygen in the Decomposition Products of Nitrous 
Oxide by the Platinum Catalyst at Low Pressures 


Page 1386. In col. 2, line 19, for ** plale”’ read ‘* pale ”’ 


Additions and Corrections 


Volume 33, 1960 


C. Urakami and H. Kameyama: Antioxygenic Activity of Lecithin and its Hydrolysis Products. III. 
Page 30. In col. 1, line 26, for ** Rhodes and Led” read ** Rhodes and Lea”’ 
Page 32. In col. 2, lines 16 and 17, between ** orthophosphoric acid’ and ‘*‘ phosphatidic acid ”’, 


add *‘and”’. 


S. Yamada and R. Tsuchida: Spectrochemical Study of Microscopic Crystals. XX. 


Pages 99 and 100. Change the graph in Fig. | to fhe graph in Fig. 4. 
Page 99. Change the graph in Fig. 2. to the graph in Fig. 1. 
Pages 99 and 100. Change the graph in Fig. 4 to the graph in Fig. 
Page 101. In col. 2, line 9 from the bottom, for *‘ z-absorption’’ read ‘* x-absorption’”’, line 8 
from the bottom, for ‘* x-absorption ** read ** z-abserption *’, line 7 from the bottom, for ** x-absorp- 
tion’’ read ** z-absorption’’, line 6 from the bottom, f ‘* z-absorption ’’ read ‘* x-absorption ”’. 
Page 101. In col. 1, line 19 from the bottom, for **{[Coei * read ‘*[Coen 

H. Suzuki: Relations between Electronic Absorption Spectra and Spatial Configurations of Conjugated 


Systems. IV. 
Page 110. In col. 1, line 2 from the bottom, for ‘** p-Terpheny” read ** p-Terpheny!”’. 


Page 111. In col. 2, line 10, for *‘232 me or 237” read ** 232 or 237 my 

H. Arakawa: Die absolute Konfiguration des Phyllodulcins 
Page 200. In col. 2, line 7 from the bottom, for ** Apfelsiure’’ read ‘* Apfelsiurediamid ”’, line 
6 from ithe bottom, for **das’’ read *‘ die’, line 5 from the bottom, delete ‘* diamid ”’. 
Page 201. In col. 1, line 2, delete ** zu’; In col. 2, transfer ‘*dann abfiltriert. Der erhaltene 
gelbe Riickstand betrug 470mg. Dreimaliges Umbkristallisieren aus Methanol gab 60mg _ fast 
farblose Prismen von Schmelzp. 154~155 -C, D 56.7 (c=1.18 in Methanol).’’ from the top 


of the column to the bottom. 
K. Mitani and Y. Harand: Evolution of Atomic Oxygen from Platinum Surface Treated Previously 
with Discharged Oxygen Gas. 


Page 276. In col. 1, line 16 from the bottom, for ° cco’”’ read ** vacuo’; In col. 2, line 16, for 
‘surface covered ’’ read *‘ surface is covered 
T. Watanabe: Studies on Thixotropy. I. 
Page 350. In col. 2, line 21 from the bottom, for ‘* strength of (b)’’ read ‘‘ strength (b) of 
H. Suzuki: Relations between Electronic Absorption Spectra and Spatial Configurations of Conjugated 
Systems. V. 
Page 384. In col. 1, line 14, for ‘* prossesses** read ** possesses”*; In footnote 19), for “H. 
Orlott”’ read ** H. Orloff * 
Page 385. In col. 2, line 3 from the bottom, insert ‘‘the’’ in front of ‘‘ A-band’’, line 2 from 


the bottom, for ‘* B-bond ’’ read ‘* B-band ”’ 





Page 386. In col. 1, line 1, insert ‘‘of’’ in front of ‘‘ o”’ 





Additions and Corrections [Vol. 33. No. 


4 from the bottom, for ‘‘a’’ at the end read ‘‘an”’; In col. 2, line 1, 


** resonance ” 
line 27 from the bottom, for ‘* precending”’ read ‘* preceding ”’. 


beiween Electronic Absorption Spectra and Spatial Configurations of Conjugated 


1, line 15 from the bottom, delete *‘a”’ in front of ‘** analogue ”’ 
Suzuki: Relat between Electronic Absorption Spectra and Spatial Configurations of Conjugated 
Systems. VIII 
" 


Page 40 Inc 1, line 10 from the bottom, add comma after y 4 





Suzuki: Relat between Electronic Absorption Spectra and Spatial Configurations of Conjugated 
Systems. I 
Page 410 n col. 1, line 11 from the bottom, for **a,a'-”’ read ** a,a'-”’. 
Page 416. In col. 2, line 8, for ‘* Vargha’’ read ‘* Vargha-*’, line 9, for ‘*‘ Kovacs’ *’ read ‘* Kovacs”’. 
Page 417. In col. 2, line 2, for ‘* Kovacs’ ’” read ‘* Kovacs ”’ 
Tanaka: itional Spectra of Methyltrimethoxysilane 
Page 447 1col. 1, line 29, for ‘‘r =cos @/qx: °° read ‘ 2 } *, line 30, for 
x cos O/qzz°’ read ‘*t vsin # gy: ” 
Watanabe: Studies on Thixotropy. Il 
Page 524. In Table II, line 1, for “=” read ‘‘r’ 
Suzuki Relations between Electronic Absorption Spectra and Spatial Configurations of Conjugated 
Systems. XI. 
Page 624. In col. 1, line 18 from the bottom, for *‘ one.”’ read ‘* o-monomethylated compounds,”’’, 
line 17 from the bottom, for ‘* two o-methyl substituted ** read ‘* o-dimethylated ” 
Ikeda and T. Isemura: Monolayers of Some Cyclic Peptides. 
Page 758. In col. 2, line 25, the equation should read 
4n 4n \2 | 
K \ ar 


H. Onishi, N. Ishiwatari and H. Nagai: Spectrophotometric Determination of Traces of Boron in 


“It, 2kT! 


Uranium. 

Page 830. In Table I, col. 5, line 11, for ‘**Crucumin’’ read ‘** Curcumin’; In footnote 8), for 

** Rodrguez”* read ** Redriguez’ 

Page 832. In Fig. 2, for **cf. Table VII” read ‘*cf. Table HII” 

Page 834. In col. 1, line 5 from the bottom, insert ‘‘ of” in front of ‘* formic acid ”’. 

Page 835. In Table VII, tine 6, for ** Brunswik *’ read ‘* Brunswick ”’. 

H. Suzuki: The Ultraviolet Absorption Spectra of Stilbene and Some Related Compounds in the Solid 

State Measured by the Pressed KCI Disk Technique. 

Page 944. In col. 1, line 7 from the bottom, for ‘*‘componds”’ read ‘*compounds’’; In footnote 

1), add comma after **H. Suzuki”. 

Page 945. In col. 2, line 21 from the bottom, for ‘* previously!~Y~!*>.”* read ** previously!~¥! 
Page 946. In col. 
Page 947. In col. 
Page 949. In col. 


, line 5, for “Tl” stead *“‘In” 


, line 9, for ** solute” read ** absolute ” 


l 
l 
line 4, for ‘“‘the numbers*’ read ‘* the entry numbers ” 


23, for “‘and’’ read ‘* hand”. 


‘, 
Page 950. In col. 1, line 
, 


Page 951. In col. 
bottom, for ‘**‘ conformationsof *’ read ‘* conformations of 

K. Kuwata: Spectroscopic Study on the Living Polymers of Styrene, Butadiene and their Derivatives. 
Paga 1092. In col. 2, line 4 from the bottom, for ‘* 450° read ‘* 350°’. 
Rage 1093. In col. 2, line 5 from the bottom, for ‘* 430° read ‘* 330°’. 


line 30 from the bottom, for ‘‘thanin”” read ‘‘than in’’, line 27 from the 


Page 1094. In col. 1, line 6, delete ‘** other” 

S. Morosawa: Studies on Seven-Membered Heterocyclic Compounds Containing Nitrogen. IV. 
Page 1111. In col. 2, transfer ‘‘2,4-Dinitrophenylhydrazone, orange prisms, m.p. 172°C (from 
methanol). Found: N, 19.24. Caled. for C;;HisO;N;: N, 19.17%6."" in front of *‘* 1-Ethoxycar- 
bonyl-3(or 5)-hydroxymethylene-1l-”’. 

T. Nozaki, M. Tamura, Y. Harada and K. Saito: Synthesis and Purification of Sexiphenyl for Scintil- 
lator. 


Page 1331. In col. 1, line 1, for ‘* S00 g.”’ read ‘* 400g." 








